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abstract
Foliar blighting Rhizoctonia diseases have been increasing in • 
number and severity in recent years. Sheath blight caused by Rhizoctonia 
solani and sheath spot caused by R. oryzae have caused severe damage on 
susceptible rice varieties throughout the southern rice growing areas of 
the U. S. The homogeneity of fungal populations causing these diseases 
was investigated with respect to anastomosis group (AG), growth rate, 
temperature requirements, colony morphology, and virulence. During the 
1973 and 1975 growing seasons, unusually high rainfall in Louisiana was 
accompanied by a serious outbreak of previously unreported foliar blight­
ing diseases of soybean and sorghum. The etiology of these diseases was 
investigated. The fungus causing lesions on the leaves, pods, and 
stems of mature soybeans was identified as R. solani. The isolates from 
soybeans produced large brown sclerotia (1-5 mm) and were different from 
the microsclerotia-producing Rhizoctonia sp. implicated as the cause of 
an aerial blight on soybean. In a 1975 survey, aerial blight was observed 
on 15 soybean varieties and was present in every field surveyed. Plants 
in several sorghum fields in Louisiana were observed with severe blight­
ing of sheaths, leaf blades, and stems during this same period. R. 
solani was isolated from diseased plants of seven sorghum cultivars. 
Symptoms were expressed as large white centered lesions, which sometimes 
appeared as a series of wide reddish-brown-bordered bands across the leaf. 
Leaf sheaths and stems developed brown-bojrdered oval lesions with white 
centers. Sclerotia were produced at the margins of sheath, leaf, and 
stem lesions. R. solani was also found on several grass weeds growing
in affected rice, soybean, and sorghum fields. These weeds exhibited 
symptoms similar to those produced on rice and sorghum.
The Rhizoctonia isolates from all hosts were compared and their 
anastomosis relationships determined. The R. solani isolates from rice, 
sorghum, soybeans, and grass hosts belonged to AG-1. These isolates 
anastomosed with each other and were nearly identical in cultural charac­
teristics. R. solani isolates from damped-off soybean and pepper 
seedlings collected in Louisiana belonged to AG-4 and differed from the 
aerial R. solani isolates in cultural characteristics. R. oryzae iso­
lates from rice constituted a single anastomosis group that would not 
anastomose with any R. solani isolates.
Hymenia of Thanatephorus cucumeris were found on the lower surfaces 
of diseased leaves in several sorghum fields. One hundred basidiospores 
obtained from field collected hymenia averaged 7.02 X 8.71 p in size. 
Cultures derived from single basidiospores varied in color, sclerotia 
production, production of aerial mycelium, growth rate, and virulence.
The perfect state of R. oryzae was found on rice sheaths in 1976. 
The hymenia were morphologically identical to T. cucumeris but the 
basidiospores were larger (9.02 X 12.54 ju).
In greenhouse tests, isolates from sorghum, soybean, rice and weed 
hosts were equally pathogenic to rice, soybean, sorghum, and wheat.
Data from greenhouse tests with eight rice cultivars, ranging from very 
susceptible to resistant in reaction to sheath blight, indicated that 
in general the virulence of single basidiospore isolates of R. solani 
was very low. However, only the degree of virulence was affected, as 
the varietal reactions tended to remain consistent with their reaction
xii
to field isolates. The varietal reaction to single basidiospore isolates 
was highly significantly correlated, by the coefficient of concordance 
test, to the varietal reactions to field isolates.
Meta-hydroxy-phenylacetic acid (mHPAA) and phenylacetic acid (PAA) 
were extracted from culture filtrates t>f field Isolates and single 
basidiospore isolates of R. solani. The quantities of these compounds 
in culture filtrates were highly correlated with the virulence of the 
isolate. However, neither PAA nor mHPAA would produce symptoms typical 
of sheath blight on rice. These toxins did cause electrolyte leakage 
in leaves, inhibition of seed germination and inhibition of seedling 
growth.
xiii
INTRODUCTION
Rice (Orvza sativa L.) is the most important food crop in the 
world. Soybean (Glycine max (L.) Merrill) is the prime world source 
of vegetable oil for human consumption and protein for animal feed.
In recent years, changes in varieties, cultural practices, and high 
applications of fertilizer have brought about changes in the 
prevalence and importance of diseases on rice and soybean. Sheath 
blight of rice caused by Rhizoctonia solani Kuhn (Thanatephorus 
cucumeris (Frank) Donk) and sheath spot of rice caused by Rhizoctonia 
oryzae Ryker and Gooch are serious rice diseases in the southern rice 
growing areas of the U. S. and in other parts of the world. The 
incidence and severity of these diseases have been increasing (69, 88). 
In 1954 Atkins and Lewis (7) first described an aerial blight of 
soybean in Louisiana caused by Pellicularia filamentosa (Pat.) Rogers. 
A similar disease caused by R. solani was epidemic in Louisiana in 
1973 and 1975 (56, 70).
A sheath blighting disease of sorghum (Sorghum bicolor L.) was 
found in Louisiana in 1975 and 1976. The disease was caused by 
R. solani. Many aspects of the etiology of this disease and the 
relationship of the R. solani strains isolated from sorghum to those 
from rice and soybean are not known.
The species designation "R. solani11 has been applied to a wide 
range of closely related fungal isolates varying in virulence, host 
range, and cultural and physiological characteristics. A method 
recently suggested for classifying types of R. solani was based on the
ability of isolates to anastomose with each other. At least four 
anastomoses groups (AG) have been identified (63, 79). The R. solani 
causing sheath blight of rice was placed in AG-1. Research conducted 
in Taiwan and the Philippines suggests that races of R. solani occur 
within AG-1 (21, 92).
The AG of R. solani isolates causing aerial blight of soybean and 
sheath blight of sorghum have not been determined.
Very little is known about R. oryzae. The existence of anasto­
mosis groups or the perfect state have not been reported.
An extensive research program for screening rice cultivars for 
resistance to R. solani, using a single isolate (LR172), has been 
conducted in Louisiana (34, 44). The reactions of rice cultivars to 
different field isolates or genetic types of R. solani has not been 
tested.
An understanding of mechanisms operating during pathogenesis is 
a necessary prelude to determining the nature of resistance to sheath 
blight. The role of toxins in the pathogenicity of R. solani and in 
the development of sheath blight symptoms has not been adequately 
assessed. Combinations of phenylacetic acid and its mono-hydroxy- 
isomers have been isolated from culture filtrates of R. solani 
isolates obtained from several host species. Some of these toxins 
cause necrosis, root growth inhibition, and inhibition of seed 
germination in various plant species. However, research with toxins 
produced by the rice sheath blight pathogen has been limited. Chen 
(20) reported the presence of para-hydroxy-phenylacetic acid and 
Khomoto (42) demonstrated the production of meta-hydroxy-phenylacetic 
acid in culture filtrates of R. solani isolates obtained from rice.
The production of PAA by the sheath blight R. solani has not been 
reported. Because of the variability of Rhizoctonia spp., knowledge 
of the biology of the fungi causing foliar blighting diseases is 
important for developing effective disease control practices and is 
a necessary consideration in programs for the breeding of resistant 
varieties.
The primary objectives of this research were to determine the 
etiology of the aerial blighting diseases of soybean and sorghum that 
have appeared in epidemic form in the last few years in Louisiana, 
to determine whether or not isolates from various hosts exhibiting 
foliar blighting symptoms represent the same or different populations 
with respect to cultural characteristics, morphology, growth, 
temperature response, anastomosis group, and virulence, and to 
examine the perfect states of R. solani and R. oryzae. Other 
objectives were to determine the virulence of cultures from single 
basidiospores from T. cucumeris, to determine if genes conditioning 
resistance to sheath blight in rice cultivars are effective against 
a variety of field isolates and genetically different single 
basidiospore isolates of R. solani, and to identify toxins produced 
by R. solani and assess the effect of these toxins on rice cultivars.
REVIEW OF LITERATURE
Diseases Caused by Aerial Blighting Rhizoctonia spp.
Species in the genus Rhizoctonia are found all over the world 
as saprophytes. Under certain conditions they may become aggressive 
parasites. Diseases caused by Rhizoctonia spp. have been reported 
from most countries of the world and from climates ranging from the 
hot tropical countries to cool temperate regions. Rhizoctonia attacks 
a large variety of hosts representing many families, the greater 
number being dicots.
In the genus Rhizoctonia, the species R. solani is the most 
cosmopolitan and has the widest host range. In fact there are 
probably no plant species immune to this fungus (10). R, solani 
isolates may cause several types of diseases, including seed decay, 
damping-off, fruit decay, and root rot. Isolates may range from 
avirulent to aggressively virulent. Although R. solani is best known 
as a soil-borne pathogen and a prime cause of damping-off of seedlings, 
there are some strains which attack aerial parts of mature plants.
When the environment in warmer climates such as in the tropics or 
subtropics is rainy and humid, these aerial strains of R. solani spread 
through the foliage of plants and exist as aerial pathogens.
Several diseases caused by aerial strains or species of Rhizoctonia 
are of economic importance. The sheath spot and sheath blight diseases 
of rice are world wide in occurrence and cause serious damage in 
tropical and sub-tropical production areas (6, 33, 37, 60, 62, 73, 102),
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Sheath spot, caused by R. oryzae, was first reported in Louisiana rice 
fields in 1938, and it occurs in Texas, Arkansas, Mississippi, 
California, and Florida (6, 73, 94). The fungus was first isolated 
and described from diseased rice collected in Louisiana by Ryker and 
Gooch (73), The disease was subsequently reported from Japan, Vietnam, 
Cambodia, Taiwan, Philippines, Africa, and Brazil (60, 33). Several 
names have been used to designate the disease caused by R. oryzae.
These include bordered sheath spot, Rhizoctonia sheath spot, and red 
sclerotial disease (33). Although less severe than sheath blight, the 
disease has become widespread in Louisiana rice fields, especially 
during June and July in years of low rainfall. During surveys of the 
southern rice area (56, 69) conducted from 1971 to 1976, 1973 was the 
only year in which R. oryzae was the predominent Rhizoctonia species 
isolated. Several fields were observed with 40 to 50% of the tillers 
lodged due to the plants breaking over above the second joint at a 
sheath spot lesion. On most of the presently grown commercial 
varieties sheath spot is common but not considered serious because 
the lesions remain restricted to the lower leaf sheaths with little 
blighting of leaf blades ( Rush, personal communication). Symptoms on 
the leaf sheath appear as elliptical reddish brown discolorations 
which later become a bleached spot with a large reddish brown border 
(69, 73). These lesions are usually 1 to 3 cm long, and the width of 
a lesion is usually 1/2 the length. According to the literature, the 
fungus does not penetrate the culm and sclerotia are not produced on 
the diseases plant (6, 61, 69, 73). However, rice plants recently 
collected in Louisiana contained sclerotia behind sheaths (Rush,
6personal communication). Symptoms of sheath blight caused by R. solani 
and sheath spot caused by II. oryzae are very similar and are often 
confused. Person (65) was apparently one of the first to classify 
the two diseases separately in survey work. Due to the similarities 
in symptoms, however, assessments of economic losses due to R. oryzae 
have not been made in the rice growing regions of the Eastern 
Hemisphere until recently (36). In the United States, reductions in 
grain yield and quality due to sheath spot were considered by Atkins 
(6) to be slight.
R. oryzae is very distinct from R. solani in culture (33).
R. oryzae appears as pinkish glistening colonies with minute globose 
sclerotia of a darker color than mycelium, whereas R. solani produces 
tan to brown colonies and sclerotia. Atkins (6) reported that among 
1,000 isolates from material collected at 30 locations, all but three 
collections produced salmon-colored sclerotia. The perfect state has 
never been reported in culture or from the field, and little is known 
about this fungus with respect to host range, survival, physiology, 
mechanisms of variation, or physiology of parasitism.
Among the different species of Rhizoctonia causing sheath spots 
or blights on rice in the world, sheath blight caused by R. solani is 
probably the most damaging. Sheath blight of rice is also known as 
oriental sheath and leaf spot, banded sheath spot, and banded sclerotial 
blight (33). This disease is widely distributed in both tropical and 
temperate rice-growing regions (6, 33, 60). According to Wei (102) 
the disease was noted as early as 1901 by Yano in Japan and was first 
recorded in 1909 by Miyake. The disease was subsequently found in
7several countries in Asia as well as in the Philippines, Surinam, 
Venezuela, and Madagascar (6, 60, 62, 95, 102),
Sheath blight has recently been recorded in Columbia and Brazil 
(3, 68). In the United States the disease causes damage in all the 
rice growing states (6, 71, 72, 73). Recently the incidence and 
severity of sheath blight on rice have been increasing (69, 88).
Many authors attribute the increasing importance of the disease 
in rice production throughout the world to changes in varieties and 
pertinent cultural practices. Changes in rice production include the 
increased use of sheath blight susceptible varieties and the increased 
use of nitrogen fertilizers (6, 31, 60, 86).
In Louisiana aerial types of R. solani have been reported to 
cause disease in bermuda grass, sugarcane, rice, and other grasses (71). 
Diseased sugarcane showed large, irregular, bleached areas bordered 
with reddish-brown margins which frequently formed a series of bands. 
Valdez (97) found that eight genera of Gramineae and one genus of 
Cyperaceae, common in rice fields, were infected by a strain of 
R. solani which caused sheath blight of rice. He conducted cross­
inoculation studies with sugarcane, corn, peanut, string beans, pepper, 
tomato, and eggplant and found that among these hosts the sheath 
blight fungus would only attack sugarcane. The lesions produced on 
sugarcane were typical of the banded sclerotial disease reported 
earlier by Ryker (71). In 1970, Tsai (90) found the host weeds of 
Pellicularia sasakii Exner (a synonym of R. solani) to involve 11 
families and 20 species in which the Gramineae and Cyperaceae
were the most important. He found in his cross-inoculation studies 
that when sclerotia or diseased tissues were used as inoculum, they 
caused the development of typical symptoms of sheath blight when 
placed onto rice plants. Sclerotia inoculum from rice straw could 
also induce sheath blight symptoms on grasses and other weeds.
Symptoms of sheath blight have been described by Ou (60) and 
Hashioka (32, 33). Lesions caused by R. solani usually develop on 
sheaths at the water line and spread upward to the other leaf sheaths
and leaves of the plant. Rhizoctoqia will attack the outer leaf
sheaths and leaves of both mature and seedling rice but penetrates to 
the culm in only the susceptible or very susceptible varieties (Rush, 
personal communication). Elliptical or oblong grayish-green, water-
soaked spots become straw colored or gray with distinct brown borders
as the lesion matures. In susceptible varieties the spots become 
large and somewhat irregular as several lesions coalesce. Under 
conditions favorable for disease development the plant is killed and 
lodges. The disease spreads as the cobweb-like mycelia grow over the 
water surface or from affected leaves to other plants.
According to Ou (60), sclerotia produced by the sheath blight 
pathogen are more or less globose but flattened below, white when 
young, becoming brown or dark brown with age. Sclerotia are large, 
measuring up to 5 mm and sometimes coalescing to form a larger mass. 
He noted that measurements for both hyphae and sclerotia are greater 
when the fungus is grown in culture than on the natural host tissues. 
The sclerotia which are loosely attached to the plant tissues fall on
9the soil and act as the primary source of inoculum for the succeeding 
crop. IRRI (36) reported that the number of sclerotia was positively 
correlated with the degree of sheath blight infection.
The lack of resistance in varieties and lines used as parents in 
rice breeding programs has hindered progress in breeding for varieties 
resistant to sheath blight. However, in 1974 IRRI (37) reported 
finding a number of varieties that were either resistant or moderately 
resistant. In the United States Templeton et al (88, 89) and Rush 
et al (69) indicated that the short* and medium grain varieties appear 
somewhat more resistant than the long grain varieties. They found that 
Arkrose, Gulfrose, Nortai, Caloro, Nato, Nova 66, Saturn and Zenith 
were moderately resistant while Bluebelle, Dawn and Labelle were very 
susceptible. Recently Masajo (44) evaluated more than 1200 rice 
varieties and lines for resistance to R. solani isolate LR172. In 
greenhouse evaluations he found that 3% of 272 varieties and lines were 
resistant and 9% were moderately resistant. In inheritance studies of 
resistance to sheath blight, he concluded that resistance was partially 
dominent over susceptibility and that the difference in sheath blight 
infection between the moderately resistant and very susceptible parents 
may have been due to as few as two pairs of genes.
Aerial blights of some plants belonging to the family Leguminosae 
are caused by R. solani. In 1953 Exner (24) reported that although 
the banded sclerotial disease occurs most frequently on members of the 
family Gramineae, it has been found on snap bean, lima bean, peanut, 
clover, and Commolina species. Based on the globaid shape and large 
size (2 to 5 mm) of sclerotia, she concluded that the fungus causing
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symptoms on these hosts was the same one called Corticium sasakll by 
Matsumoto In 1934 (45). She distinguished this fungus from another 
one which caused a web-blight on bush snap beans. The fungus causing 
the banded sclerotial disease produced large dark brown sclerotia 
and was called Corticium sasakii by Matsumoto (45). The fungus 
causing the web-blight disease of snap beans produced small brown 
sclerotia (45, 100). This pathogen was designated Rhizoctonia 
microsclerotia by Matz in 1916 and renamed Corticium microsclerotia 
in 1951 by Weber (100). Both fungi were later classified as 
Pellicularia filamentosa (Pat.) Rogers and are now considered 
synonomous with Rhizoctonia (32).
Atkins and Lewis (7) first described an "aerial blight" of 
soybeans in 1954 in Louisiana. They reported the cause of this 
disease to be a Rhizoctonia sp. that produced microsclerotia. They 
concluded that the fungus was Rhizoctonia microsclerotia. However, 
they did isolate a few "sasakii" type Rhizoctonia isolates from small 
plants among infected grasses. These isolates were also pathogenic 
on soybean foliage. They occasionally observed large sclerotia on 
soybean plants in addition to the typical microsclerotia. A  foliar 
blighting disease of soybeans caused by a Rhizoctonia sp. was reported 
in Louisiana in 1973 (70). The pathogen causing the disease was 
considered identical to the R. solani strain causing sheath blight of 
rice.
Rhizoctonia solani has been reported to cause seedling, crown, 
sheath, and stem blights and root rots of sorghum (96). In 1971, Bell 
et al (14) reported a local epiphytotic on grain sorghum foliage in
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Georgia. They identified the pathogen as R. solani and demonstrated 
its optimum growth range in liquid culture at 20 to 28 C. The perfect 
state and anastomosis group of the fungus were not reported. The 
fungus produced brown sclerotia measuring less than one to over five 
mm in diameter. They described the symptoms on sorghum foliage as 
large, purple-bordered irregularly shaped tan lesions, which often 
covered entire leaves.
i
Sheath blight of rice is caused by Rhizoctonia solani Kuhn, the 
imperfect state of the pathogen normally associated with the disease. 
The perfect state, Thanatephorus cucumeris (Frank) Donk, is rarely 
found in rice fields (37, 83). The taxonomy and nomenclature of 
R. solani is tentative due to the wide and incompletely known range 
of variation in the species and to the close resemblance of the mycelia 
of many fungi to Rhizoctonia solani. The development of a system of 
classification is further hindered by the infrequent occurrance or 
production of the perfect state. Nevertheless a species concept of
R. solani has evolved. Based on published information, Parmeter and
Whitney (64) have listed some characteristics they consider typical of 
R. solani. The imperfect state is described as follows:
1. Pigmentation of hyphae some shape of brown.
2. Branching near the distal septum of hyphal cells.
3. Constriction of branch hyphae at the point of origin.
4. Formation of a septum in the branch near the point 
of origin.
5. Possession of a prominent septal pore apparatus.
6. Possession of multinucleate cells in actively 
growing hyphae.
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Other characteristics usually present are monililiod cells, patho­
genicity, sclerotia, and a rapid growth rate, Rhizoctonia solani 
does not produce a clamp connections, conidia, spermatia, true 
chlamydospores, or a perfect state other than Thanatephorus cucumeris. 
The nature of the sclerotium is a basic character by which Rhizoctonia
is distinguished. While outer cells may be darker and thicker walled, 
there is no obvious differentiation into a rind and a medulla. 
Sclerotial cells are essentially similar although the sclerotia size 
and shape are quite variable.
The perfect state of R. solani is now generally considered to be 
Thanatephorus cucumeris. According to Menzies (48), Prillieux and 
Delacroix originally named the fungus Hypochnus solani when they 
discovered it in 1891. Talbot (87) reported in 1953 that the Special 
Committee for Fungus Nomenclature rejected the generic name Hypochnus 
as nomenclaturally unacceptable. According to Ou (60) and Menzies (48) 
the perfect state of the sheath blight pathogen has been referred to as 
Corticium vagum Burk, and Curt, and Pellicularia filamentosa Rogers.
Hashioka (33) reviewed the literature on Rhizoctonia sheath spot­
ting and blighting pathogens and found that the pathogen causing sheath 
blight of rice has many synonyms referring to the perfect stage. It 
has been referred to as Corticium sasakii (Shirai) Matsumoto, Hypochnus 
sasakii, Pellicularia filamentosa Rogers, and Pellicularia filamentosa 
f. sp. sasakii Exner. Hashioka referred to the sheath blight fungus as 
Pellicularia sasakki and reported that it is known as Hypochnus sasakii 
in Japan. According to a recent review by Ou (60) of the taxonomic 
status of the R. solani causing sheath blight of rice, the pathogen was
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first identified in Japan as Sclerotium irregulare by Miyake in 1910.
It was later called Hypochnus sasakii Shirai and then re-named 
Corticium sasakii in 1934 by Matsumoto, who considered this name to be 
taxonomically more appropriate. Exner (24) studied Corticium sasakii 
along with three imperfect Rhizoctonia species in Louisiana. She 
could find no morphological differences among the perfect stages of 
these fungi and therefore suggested that the four fungi be considered 
forms of Pellicularia filamentosa (Rhizoctonia solani). The sheath 
blight fungus Corticium sasakii became known as Pellicularia 
filamentosa f. sp. sasakii Exner.
There are only a few reports of the occurrence of the perfect 
state of the fungus causing sheath blight of rice. Exner and Chilton 
(25) conducted a study of single basidiospore isolates of Corticium 
sasakii collected from hymenia on bermuda grass and found that the 
isolates differed in rate of growth, color of mycelium, colony type, 
and in the size, shape, number, and arrangement of sclerotia. In 
the Philippines, IRRI (36, 37) reported finding the basidial state of 
the fungus in the sheath blight nursery. They also reported wide 
variation in mycelial characters and appearance of sclerotia among 
single basidiospore isolates. Singh and Pavgi (83) reported finding 
the perfect state on rice in India in 1969. They described the 
basidial state as a dull creamy white crust on the leaf sheath, 
consisting of ectophytic mycelium, basidia, and basidiospores.
Sawada (75) described the measurements of the perfect state as follows: 
basidia 10-15 X 7-9 p; sterigmata 4.5-7 X 2-3 p, numbering 2-4; 
basidiospores 8-11 X 5-6.5 p. These measurements were similar to those
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reported by Matsumoto (46), which were: basidia 10-16 X 8-9 fi,
sterigmata 5-8 X 2.2.7 fi, and basidiospores 6-10 X 4-7 p. Dimensions 
of 763 basidiospores collected by Exner (24) from naturally occurring 
hymenia on bermuda grass were 4.67-5.92 X 7.36-9.49/u.
Anastomosis Relationships Within R. solani
Host plant resistance to the various diseases caused by R. solani 
has been difficult to obtain (43). One of the reasons suggested is 
that R. solani may not be a single species. It can readily be 
separated into at least four distinct groups based on the ability of 
field isolates to anastomose (55, 63, 79). Parmeter et al (63) found 
in studying the anastomosis relationships among 138 isolates of 
Thanatephorus cucumeris that most of the isolates could be assigned 
to one of the four known anastomosis groups. Their groups corresponded 
to a grouping of isolates previously described by Shultz (81) and by 
Richter and Schneider (67). Ogoshi (55) subsequently identified six 
hyphal anastomosis groups, the first four of which corresponded to 
those of Parmeter et al (63). Based on morphological characteristics 
of the perfect stage, Talbot (86, 87) considered the four anastomosis 
groups to be a single collective species, Thanatephorus cucumeris,
(R. solani), even though these groups comprised four non-interbreeding 
populations.
According to Parmeter et al (63), anastomosis occurs among 
isolates within a group but not between isolates from different groups. 
Anastomosis within groups varied from complete fusion with cell killing 
to cell contact without fusion. In all cases where cell-wall fusion
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occurred between field isolates, the fusion cell and up to five or six 
cells on either side became vacuolated and the cytoplasm collapsed 
within a few hours (27, 63, 84). This suggested that even within 
groups genetic interaction may be restricted.
Most strains of R. solani causing foliage blight belong to AG-1 
or AG-2, Two isolates from Parmeter's collection (63) designated Corti­
cium sasakii and Hypochnus sasakii which were believed to come from rice 
in Japan belonged to AG-1. Isolates designated Pellicularia filamentosa 
f. sp. microsclerotia from diseased leaves of Phaseolus species were 
placed in either AG-1 or AG-2. Parmeter et al (63) found that while 
most isolates from AG-1 were associated with plant foliage, many of the 
aerial web-blight isolates from bean fell in AG-2.
Ogoshi found that among 214 isolates from a variety of hosts, most 
isolates which fell into AG-1 were those from rice, sugar beet, and 
various soils. According to Sherwood (79) the anastomosis group method 
of delineating Rhizoctonia isolates seemed to be a stable, genetically 
controlled trait. This method was a better system of classification 
than one based on morphology or physiology, which change with 
environmental conditions. Although general tendencies as to host 
range or pathogenicity among anastomosis groups were evident, Sherwood 
found that none of the four anastomosis groups was readily delineated 
by host range or pathogenicity. Sherwood did find however, that eight 
of nine isolates producing lobate appressoria or penetrating through 
stomata rather than infection cusions belonged to AG-1. According to 
Ou (60) R. solani isolates causing sheath blight of rice typically 
produce lobate appressoria and penetrate through stomata. Other
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tendencies within groups can be found. Sherwood (79) sub-divided 
AG-1 into three types based on cultural characteristics. One of 
these types was descriptive of the sheath blight pathogen. He also 
found that isolates of Thanatephorus cucumeris belonging to AG-1 
exhibited the most rapid growth rate on PDA when compared to isolates 
from other anastomosis groups. This observation agreed with the 
results of Akai (2), who found that among 38 isolates of Pellicularia 
filamentosa, the "sasakii11 type isolates exhibited the most rapid 
mycelial growth.
Some research has indicated that physiological or pathological 
variation exists within populations of R. solani causing sheath blight. 
Chien and Jong (21) found that when cultured on PDA, 300 isolates of 
the fungus, designated as jP. sasakii, could be separated into seven 
cultural types based on mycelial growth, color of media, days required 
for sclerotial formation, number of sclerotia, and other characteristics. 
They considered the seven cultural types found in Taiwan to be races.
Tu (92) grouped 310 isolates collected in Taiwan into 20 strains.
Based on cultural variations he found that three of the 20 strains 
comprised 50% of the isolates. Thirteen of the 20 strains produced 
distinct scattered sclerotia on PDA while the other seven strains 
produced aggregated sclerotia.
Both Tu and IRRI reported that isolates differ in their patho­
genicity. Tu found that rapid-growing strains of P. sasakii with 
slight aerial mycelium were more virulent than slower growing isolates 
exhibiting aerial mycelium (92). A study conducted at IRRI compared
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13 isolates of Corticium sasakii for pathogenicity on a selected host 
range and found that these isolates differed in their virulence on 
different rice varieties (37).
Toxin Production by R. solani
Several investigators have suggested that the pathogenicity of 
R. solani is due in part to the action of the pectinolytic and 
cellulolytic enzymes produced by this fungus (9, 11, 13, 78), while 
other research has indicated that toxic, non-enzymatic, fungal products 
are also involved in pathogenesis (5, 16, 20, 39, 41, 50, 51, 52, 54, 
59, 81, 91, 105). R. solani isolates from many hosts produce metabolic 
by-products toxic to plants in culture. Although it has been 
demonstrated in one case (20), it has primarily been inferred that 
these toxins are produced during invasion of host tissues and have a 
role in pathogenicity.
The modes of action of these toxins have not been demonstrated, 
but their phytotoxic effects on plants include stunting, necrosis, 
inhibition of seed germination, and inhibition of secondary root 
development by various host species (16, 50, 59, 91). Newton and 
Mayers (50) showed that autoclaved filtrates from cultures of R. solani 
caused stunting of carrot and turnip. Ortega (59) demonstrated that 
the filtrates of some Isolates of Rhizoctonia inhibited secondary root 
development and caused wilting of tomatoes and beans. According to 
Tsiang (91), the filtrates of one of Ortega's isolates also caused 
wilting of 1-week-old flax seedlings. Boosalis (16) demonstrated the 
production of toxic substances in culture filtrates of R. solani 
isolates from diseased soybean seedlings which reduced seed germination
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and root development of soybeans. Kerr (41) demonstrated that roots 
of seedling radish and lettuce plants became blackened and necrotic 
when in contact with a toxin produced by Pellicularia filamentosa.
In another study a substance causing wilting of tomato seedlings was 
isolated from R. solani culture filtrates but was not identified (54). 
Results in one of these experiments suggested that a combination of 
pectolytic enzyme activity and the secretion of a toxic compound were 
responsible for virulence in R. solani, and that the toxin probably 
played the major role.
There is some evidence that toxins are secreted in advance of 
invading mycelium of R. solani. Field and laboratory studies conducted 
by Boosalis (16), using the cellophane bag technique, indicated that 
certain isolates can parasitize the germinating seeds and seedlings 
of soybeans inducing brownish-black discoloration of soybean root 
tissue in advance of invading mycelium. In addition, Wyllie (106) 
demonstrated that damping-off isolates of R. solani produced a toxic 
substance that caused necrosis of soybean seedling roots in the 
absence of physical contact between the host and pathogen. The 
chemical nature of one of the toxins was first investigated by Sherwood 
and Lindberg (81), who found it to be a phenolic glycoside. In the 
same year, Aoki (5) identified the toxin as phenylacetic acid (PAA). 
Para-hydroxyphenylacetic acid (pHPAA) was isolated from culture 
filtrates of R. solani and from diseased rice tissues by Chen (20).
This toxin induced wilt of soybean plants and retarded the growth of 
rice seedlings at concentrations as low as 50 pg/ml. In Chen's 
experiments, the toxin did not cause necrosis, a characteristic symptom
of the soybean root rot. However, he considered this compound to be 
the major toxin involved in pathogenesis. Nishimura e£ £l (53) and 
Nishimura (51) isolated four toxic substances from 40-day-old culture 
filtrates of an R. solani isolate obtained from a leaf blight on 
Ladino clover. These toxins were identified as PAA, pHPAA, meta- 
hydroxy-phenylacetic acid (mHPAA), and one unidentified acid.
Toxicity was measured as the inhibition of growth of clover seedlings. 
They found that these toxins also caused necrosis of soybean leaves 
which were injured and then exposed to the toxins. Aoki e£ al (5) 
extracted mHPAA and PAA, but not pHPAA from culture filtrates of 
R. solani isolates obtained from diseased sugar beet tissues. MHPAA 
and PAA solutions inhibited growth of sugar beet and rape seedlings 
at concentrations greater than 250 fig/ml and caused necrosis at 
concentrations above 10,000 jug/ml. They concluded that these acids 
play a primary role in the pathogenic actions of R. solani.
Wu (105) first found evidence of a direct correlation between 
growth, pathogenicity, and toxin production of an isolate pathogenic 
to mung bean seedlings. He found, that growth, pathogenicity, and 
toxin production by R. solani were directly correlated when the 
cultures of this fungus and rice seedlings were incubated at different 
temperatures. Nishimura £t al (52) compared 31 R. solani isolates 
obtained from various hosts for toxicity of boiled culture filtrate, 
pathogenicity, and mycelial growth rate and found these characteristics 
highly correlated. Their findings indicated that most R. solani 
isolates were able to metabolize PAA and its related compounds, but 
that great variation existed in PAA production among the isolates
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used. When the toxins were compared independently, there was a lack 
of positive correlation between pathogenicity and toxin production. 
However, a positive correlation was found between the total amount of 
hydroxy-phenylacetic acids and PAA in culture filtrates and patho­
genicity. Their results indicate that PAA is probably the precursor 
to hydroxy-phenylacetic acids. Khomoto et al (42) demonstrated the 
meta-hydroxylation of PAA by R. solani by culturing 11 isolates from 
different hosts on media containing PAA and measuring yield of mHPAA.
No ortho- or parahydroxy-phenylacetic acids were detected. Yield of 
mHPAA from four isolates obtained from rice ranged from 20 to 150 mg/
100 ml culture filtrate amended with 400 mg PAA. In contrast, 30 
isolates of fungi in other genera could hydroxylate PAA in the ortho­
position but not in the meta- or para- position. Two investigators 
experimenting with the phytotoxic metabolites of isolates of R. solani 
causing sheath blight of rice have had conflicting results. Chen (20) 
found pHPAA to be the only phytotoxin in culture filtrates of R. solani 
isolates from rice, and Khomoto (42) found varying concentrations of 
mHPAA but no pHPAA in R. solani isolates from rice. Neither demonstrated 
PAA production by R. solani.
Production of PAA is not unique to R. solani. Its metabolism has 
been studied in many species, including Penicillium chrysogenum (Q176) 
(38), Aspergillus niger Van Tiegh (26), and Xanthomonas oryzae (Uyeda 
and Ishiyama) Dowson (23). Faulkner and Woodcock (26) found that the 
major metabolite obtained from the metabolism of PAA by A. niger was 
oHPAA. Isono (38) found the same results with P. chrysogenum. Egawa 
(23) found that X. oryzae, cause of bacterial leaf blight of rice,
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produced P M  In culture filtrates and that this compound depressed 
growth of young rice roots at concentrations of 10 pg/ml or more but 
stimulated their growth at 1 jig/ml.
The ability of P M  to regulate plant growth has been known for a 
long time (8, 107). According to Zimmerman and Wilcoxin (107), P M  
is less effective than indolacetic and indolbutyric acids in causing 
root production. Avery and Sargent (8) found that P M  does not 
increase the growth of Avena coleoptiles but actually inhibits growth. 
Muir at al (49) found promotive and inhibitive effects on elongation 
of Avena coleoptile segments depending on the concentration of P M  
used. A concentration of 10 stimulated growth while 10~^M and 
10“^M inhibited it. This activity is typical of a weak auxin with a 
limited effect over a small range of concentrations.
MATERIALS AND METHODS
Diseases Caused by Aerial Blighting Rhizoctonia Spp.
The causal relationships of R. solani and R. oryzae to the sheath 
blight and sheath spot diseases of rice have been demonstrated many 
times. In this study, isolates of these fungi, obtained from diseased 
rice tissue, were considered to be pathogens. Isolates were collected 
from commercial rice varieties in many locations throughout the south­
western rice production area of Louisiana. Isolates used in this 
research are listed in Table 1. Both R. solani and R. oryzae were 
isolated from diseased tissues by washing tissue pieces in tap water, 
rinsing them in sterile dionized water (SDW), and plating the pieces 
onto water agar (WA) plates. Hyphal pieces were then transferred to 
commercially prepared potato dextrose agar (Difco PDA) after 24 h in­
cubation at 24 to 28 C. An alternative method used to isolate these 
fungi was to surface sterilize the tissue pieces in 10% Clorox for 5 
to 10 min, rinse in SDW, and plate the pieces on WA or PDA.
The perfect state of R. oryzae - The perfect state of R. oryzae 
was observed on blighted rice collected in Louisiana in 1976. The 
perfect state was described and a technique was developed to isolate 
viable, uncontaminated single basidiospores from hymenia. A strip of 
leaf containing the hymenium was taped to the inner surface of a petri 
dish top and the spores allowed to drop onto 2% WA in the bottom plate.
At 12 h intervals the lids were placed over fresh WA. Plates containing 
basidiospores were flooded with .01% streptomycin sulfate in SDW. Spores 
were dispersed in the liquid by gently rubbing the agar surface with a
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Table 1. Identification of isolates of Rhizoctonia species obtained from blighted leaf and sheath tissue 
in Louisiana.
Isolate Date
number Species collected Parish Host
LR172 R. solani 8/3/71 Jeff. Davis Vista rice
LR1372 R. solani 8/— /71 St. Martin Starbonnet rice
LR1672 R. solani 7/26/72 Jeff. Davis Labelle rice
LR1872 R. solani 7/31/72 Acadia Saturn rice
LR2472 R. solani 7/25/72 Vermillion Bluebelle rice
LR2572 R. solani 7/25/72 Vermillion Bluebelle rice
LR2772 R. solani 7/25/72 Vermillion Vista rice
LR3172 R. solani 7/2/72 -- rice
LR6172 R. solani 7/26/72 Jeff. Davis Starbonnet rice
LR6372 R. solani 7/26/72 Jeff. Davis Labelle rice
LR6672 R. solani 7/25/72 Acadia Labelle rice
LR7672 R. solani 10/18/72 Acadia rice
LR8372 R. solani —  1— 112 - - rice
LR8373 R. solani 7/31/73 Acadia Bluebelle rice
LR8473 R. solani 7/30/73 Acadia Bluebelle rice
LR174 R. solani 8/17/73 Vermillion Nato rice
LR274 R. solani 8/17/73 Vermillion Bluebelle rice
LR374 R. solani 8/28/73 Jeff. Davis rice
LR6072 R. solani 7/31/72 Acadia Saturn rice
LR15774 -R. solani 7/30/74 Vermillion Nato rice
LR17974 R. solani 8/20/74 Evangeline Starbonnet rice
LR15374 R. solani 9/18/74 Acadia Starbonnet rice
LR17174 R. solani 8/19/74 Jeff. Davis Saturn rice
LR17574 R. solani 8/20/74 Evangeline Saturn rice
LR18274 R. solani 8/19/74 Jeff. Davis Vista rice
LR18374 R. solani 8/20/74 Evangeline Starbonnet rice
LR8473 R. solani 7/30/73 Acadia Bluebelle rice
LR15274 R. solani 6/19/74 Jeff. Davisa  ^
Puerto Rice-
Belle Patna rice
LR7475 R. solani 6/19/75 rice
Table 1. (Cont'd).
Isolate Date
number_____________Species______________collected
LR273 R. solani 7/13/73
LR3472 R. solani 8/1/71
LR6173 R. solani 8/10/72
LR19575 R. solani 9/11/75
LR16974 R. solani 8/20/74
LR20074 R. solani 9/12/75
LR19975 R. solani 9/11/75
LR18174 R. solani 8/19/74
LR1876 R. solani 8/9/75
S75 R. solani 1975
LR14675 R. solani 8/5/75
LR1476 R. solani 8/5/75
LR1576 R. solani 8/5/76
LR1476 R. solani 8/7/75
LR1876 R. solani 8/7/75
LR1776 R. solani 8/7/75
LR1576 R. solani 8/7/75
LR17174 R. oryzae 8/19/74
LR13174 R. oryzae 6/10/74
LR16574 R. oryzae 8/7/74
LR16674 R. oryzae 8/12/74
LR16774 R. oryzae 7/30/74
LR16374 R. oryzae 8/7/74
LR168741 R. oryzae 7/30/74
LR18074 R. oryzae 8/20/74
LR17174 R. oryzae 8/19/74
LR13174 R. oryzae 6/10/74
LR16574 R. oryzae 8/7/74
LR16674 R. oryzae 8/12/74
LR16774 R. oryzae 7/30/74
Parish Host
Acadia
St. Landry
Catahoula
St. Landry
Evangeline
Washington
Acadia
Jeff. Davis
E. Baton Rouge
E. Baton Rouge
E. Baton Rouge
E. Baton Rouge
E. Baton Rouge
Iberville
Iberville
E. Baton Rouge
Iberville
Jeff. Davis
Jeff. Davis
Vermillion
Acadia
Vermillion
Vermillion
Vermillion
Evangeline
Jeff. Davis
Jeff. Davis
Vermillion
Acadia
Vermillion
Nova 66 rice 
Dare soybean 
soybean 
McNair soybean 
signalgrass
"Coastal" bermudagrass 
bamyardgrass 
red rice 
sugar beet
sweet pepper seedling 
Funk G-516 sorghum 
Funk G-516 sorghum 
Funk G-516 sorghum 
Rio sorghum 
Roma sorghum 
Golden Grain sorghum 
Ramada sorghum 
Saturn rice 
Vista rice 
Saturn rice 
Saturn rice 
Nova 66 rice 
Labelle rice 
Bluebelle rice 
Starbonnet rice 
Saturn rice 
Vista rice 
Saturn rice 
Saturn rice 
Nova 66 rice
Table 1. (Cont'd).
Isolate
number Species
Date
collected Parish Host
LR16374 R. oryzae 8/7/74 Vermillion Labelle rice
LR16874 R. oryzae 7/30/74 Vermillion Bluebelle rice
LR18074 R. oryzae 8/20/74 Evangeline Starbonnet rice
LR16074 R. oryzae 7/30/74 Vermillion Nato rice
— ^This isolate was collected at a rice disease nursery in Puerto Rico.
M
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sterile glass rod. The liquid containing basidiospores was drawn 
into a pipette and immediately distributed to several PDA plates.
The basidiospores transferred to PDA were allowed to germinate over­
night and then isolated germinating basidiospores were located by 
viewing the plates through a dissecting microscope. Basidiospores 
were either directly lifted up with dissecting needle or removed from
the plate by cutting a piece of PDA out around them. Basidiospores
were placed on fresh PDA and re-examined under the microscope to
ensure that only one had been transferred.
Some of the basidiospore suspension from the streptomycin-WA 
plates was placed on a glass slide for basidiospore descriptions, and 
measurements were taken from 100 basidiospores with an optical micro­
meter.
All isolates collected were maintained at 20 C on an augmented 
PDA medium. Sherwood (80) devised this media for storage of R. solani. 
He was able to maintain the viability as well as the pathogenic 
characters of R. solani isolates for 6 to 7 years when transferred every 
three months.
Aerial blight of soybean - Aerial blighted soybean plants were 
collected from fields at random throughout Louisiana in the 1973 and 
1975 seasons. Rhizoctonia isolates were obtained from diseased stems, 
petioles, and leaves of all samples. The symptoms associated with 
aerial blighting in the field and on blighted plants were described.
Sheath blight of sorghum - The symptoms of a foliage disease 
found in several sorghum fields in 1975 in Louisiana were described. 
Isolates of R. solani were obtained from the leaves and sheaths of 
seven sorghum cultivars.
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Perfect state of R. solani on sorghum - During the 1975 growing 
season the perfect state of R. solani (Thanetephorus cucumeris) was 
observed on blighted sorghum in several fields. The perfect state 
was described, and cultures were established from single basidiospores 
according to the technique outlined for the perfect state of R. oryzae 
on rice. One hundred randomly selected basidiospores from six hymenia 
produced in the field on Funk G-516 sorghum leaves and sheaths were 
measured with an optical micrometer.
Comparison of Pathogenicity. Morphology, Growth Rate, 
and Temperature Response of Selected Isolates 
of Rhizoctonia Spp. from Rice. Soybean.
Sorghum, and Weed Hosts
Comparisons among field isolates of R. oryzae - The cultural 
characteristics of isolates of R. oryzae from field-collected diseased 
tissues were compared to determine natural variation in field popu­
lations of the fungus. Twenty-four isolates from diseased rice sheaths 
of different varieties collected in several parishes were plated on 
PDA. A 4-mm PDA disc from the culture of each isolate was placed in 
the center of 12 PDA plates. Three plates with each isolate were in­
cubated at 24, 28, 32, and 36 C and examined after two weeks for 
differences in colony morphology.
The cultural characteristics of over 50 R. oryzae isolates 
collected from single basidiospores were compared in replicated plates 
after incubation for two weeks on PDA at 28 C.
Growth rate and temperature studies - Three isolates of R. solani 
obtained from blighted rice tissues (LR172, LR15774, and LR8473) and 
two isolates of R. solani obtained from blighted soybean tissues 
(LR3472 and LR6173) were used in the first experiment. The temperature
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requirements for optimum growth and the growth rate of these isolates 
were compared with each other and with published data for other J*. 
solani isolates. Three isolates of Jl. oryzae (LR13174, LR16374, and 
LR18074) obtained from diseased rice sheaths were also examined.
All isolates were cultured on PDA, the medium to be used in the 
growth and temperature study. Isolates were transferred three con­
secutive times to ensure that the colonies were growing evenly. The 
incubation temperature was 28 C. Inoculum discs (4 mm) from the mar­
gins of cultures were transferred to 15 ml PDA plates. Fresh PDA plates, 
which were stored in the dark, were used. It was necessary to avoid 
light to prevent the inhibition of growth of R. solani which Weinhold 
and Hendrix (103) found to occur when PDA plates were exposed to light
for 48 h or more. Three plates with each isolate were incubated in
the dark at 16, 20, 24, 28, 32, and 36 C. Colony diameters were
measured in two directions at 90° angles every 12 h through 48 h. The
experiment was repeated twice.
In a separate experiment, the culture morphology and growth rate 
of 18 isolates of R. solani obtained from diseased leaf and leaf sheath 
tissue of six rice cultivars collected in four Louisiana parishes 
during the 1972, 1973, and 1974 growing seasons were compared. The 
isolates used in this experiment were the first 18 isolates described 
in Table 1. Inoculum consisted of 4-mm discs from cultures of each 
isolate on PDA plates. A replicated series of six PDA plates was 
inoculated with each isolate and incubated for 36 h at 28 C. Measure­
ments of colony diameters and a description of cultural characteristics 
were recorded.
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Pathogenicity of selected R. solani Isolates to rice, soybean, 
sorghum, and wheat - Selected Rhizoctonia isolates obtained from 
diseased soybean, rice, sorghum, and signalgrass were used in patho­
genicity tests. Seeds of two varieties each of soybeans, rice, 
wheat, and sorghum were planted in eight rows in steamed soil in flats 
in the greenhouse. Plants 2-weeks-old were inoculated with the Rhizoc­
tonia isolates and placed in benches with a high humidity chamber con­
structed of polyethylene sheets. Uninoculated control plants were also 
included in the humidity chamber. Inoculum consisted of the Rhizoctonia 
isolates grown for 10 to 12 days on autoclaved rice seed:rice-hull (1:2) 
mixture. Plants were inoculated by sprinkling approximately 150 ml of 
the inoculum over the plants and soil in each flat. Once a day for 6 to 
8 h a mist sprinkler system was turned on inside the chamber to provide 
a high humidity environment necessary for infection. After 5 days all 
plants were removed from the chamber, returned to greenhouse benches, 
and examined for disease symptoms. The experiment included two replica­
tions containing each variety inoculated with each of the four Ri solani 
isolates.
Virulence of field collected isolates of R. solani from rice and 
other hosts - Twenty-nine randomly selected field isolates of R. solani 
collected from the blighted foliage of several hosts were tested for 
their virulence to seven cultivars of rice which ranged in previous 
tests from very susceptible to resistant when inoculated with R. solani 
isolate LR172. Included were 19 isolates from rice, four isolates 
from sorghum, three isolates from soybean, and three isolates from 
weed hosts. One isolate representing each of the four anastomosis 
groups and one isolate from soybean with damping-off symptoms were
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also tested for their virulence to rice. Isolates are identified in 
Tables 1 and 9.
These experiments were conducted in the Plant Pathology greenhouse 
located on the LSU Agronomy Farm on Perkins Road in Baton Rouge, La.
The seedlings were grown in galvanized iron flats containing a soil 
mixture consisting of two parts steam-sterilized field soil, one part 
washed sand, and one part peat moss :by volume. The internal dimensions 
of the flats measured 20 X 30 X 8 cm. The flats were filled to within 
2 cm from the top with the soil mixture and arranged in greenhouse 
benches lined with polyethylene sheets. The benches were 6.1 M long 
and 1.2 M wide and could hold 30 flats spaced far enough apart to 
avoid contamination between plants in flats inoculated with different 
fungus isolates. Seven half-rows were marked across each flat and 
about one gram of rice seed was planted in each row. Each flat repre­
sented a replication containing all varieties used. Because of the 
preliminary nature of this experiment, most flats were replicated only 
twice.
The benches were flooded with water which was maintained at a 
depth of 3.5 cm. When the seedlings were two weeks old, mixed 13-13-13 
(N-P^Og-K^O) fertilizer was applied at the rate of 400 lb/A and 
ammonium sulfate was applied at the rate of 200 lb/A. For uniformity 
in fertilizer application, the fertilizer was first dissolved in water 
and then distributed among the flats in equal volumes. To avoid 
symptoms of Zn deficiency, plants were sprayed at 25 days or as needed 
with ZnSO^ at the rate of 1/2 lb/A,
Inoculum consisted of a rice-hull:rice grain mixture prepared 
by the method of Masajo (44). Flasks of the medium were inoculated
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with each isolate of R. solani. Inoculated flasks were incubated 
at room temperature for 14 days or until the fungus had spread through­
out the flask. The inoculum from each flask was then removed and 
thoroughly mixed. The grain-hull inoculum was placed in clean plastic 
bags and brought to the greenhouse for inoculation of seedlings. 
Seedlings were inoculated 40 days after sowing by distributing about 
150 ml of inoculum uniformly over the seedlings in each flat.
A chamber designed to maintain high humidity was constructed 
over each bench. The chamber consisted of a five-foot-high wooden 
frame covered with a clear 4-mil-thick polyethylene sheet (Fig. 15).
The plastic was tacked to the sides of the bench to completely seal 
in moisture. Occasionally the polyethylene sheet at the comers of the 
chamber was opened to allow heat building up inside the chamber to 
escape.
The progress of infection was monitored visually each day. The 
reaction of rice cultivars to isolate LR172 was used as an indication 
of the progress of the disease. After nine days the polyethylene sheet 
over the humidity chamber was removed. Disease readings were made one 
day and nine days after removal of the humidity chamber.
The cultivars were given a disease rating of 0 to 9 where 0 was 
equivalent to no disease and a rating of 9 indicated that most of the 
plants were killed. The system was similar to that used for evaluating 
disease resistance in field nurseries (34). The seven cultivars 
selected for this investigation are listed in Table 2, Taducan was 
not available for this experiment.
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Table 2. Seedling reaction of the rice cultivars used as a host range 
for evaluating virulence of field Isolates and single 
basidiospore Isolates of R. solani.
Cultivar 1975 ratingS/ Evaluation
Tetep 1.0 moderately resistant
Taducan 1.5 moderately resistant
Zenith 4.5 moderately susceptible
Nato 5.0 moderately susceptible
Saturn 7.0 susceptible
Starbonnet 7.5 susceptible
Lebonnet 8.0 very susceptible
Dawn 8.5 very susceptible
^Ratings were based on a scale of 0 to 9 with increasing disease 
severity. The ratings of the cultivars were determined by Hoff 
et al (34) in rice disease nurseries inoculated with R. solani 
isolate LR172.
Virulence of single basidiospore Isolates of R. solani from 
sorghum - Hymenia of R. solani actively producing basidiospores were 
frequently found in sorghum fields in 1975, and cultures were establish­
ed from single basidiospores by methods previously described. Twelve 
single basidiospore isolates differing in cultural appearance were 
selected for this experiment. The virulence of the single basidio­
spore isolates to eight rice cultivars, known to show a wide range of 
disease reactions from very susceptible to resistant to LR172, was 
compared to the virulence of the field isolate LR172 which has been 
used in cultivar screening tests for resistance to sheath blight 
(34,44). The eight cultivars used in this experiment are listed in 
Table 2. Also included in the experiment was the field isolate,
LR14675, obtained from blighted sorghum leaf tissue and similar to 
LR172 in cultural appearance. Seedlings were inoculated 36 days after 
sowing in the first experiment and 40 days after sowing in the second 
experiment. The rice cultivars inoculated with single spore isolates 
and field isolates were rated as previously described according to 
their resistant or susceptible reaction and compared. Differences 
in lesion type between resistant and susceptible reactions were 
described. Each flat represented a replication containing all 
varieties used. The experimental design was a completely randomized 
block with 15 flats inoculated with 14 isolates and one flat with 
sterile culture media representing one block. Each block was repli­
cated three times. The experiment was repeated twice. Differences 
between variables in this experiment were determined by an analysis 
of variance, and coefficients of concordance according to the method
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of Kendall (40) were determined for the rankings of cultivar reactions 
to R. solani isolates.
Cultural characteristics of selected single basidiospore isolates 
of R. solani from sorghum - Cultures were established from single 
basidiospore isolates obtained from hymenia of cucumeris as 
described previously. Sixty-eight isolates were transferred from 
storage media to fresh PDA plates,and incubated without light for 14 
days at 28 C. The cultural characteristics of three replicated plates 
of each isolate were examined.
Attempts to obtain the perfect states of R. solani and R. oryzae 
in vitro - Several methods were attempted to induce formation of the 
perfect states of R. solani and R. oryzae in vitro. Six isolates of 
R. solani from diseased rice (LR18274, LR8473, LR172, and LR15774) 
and soybean tissues (LR173 and LR3472), and four isolates of R. oryzae 
from diseased rice (LR18274, LR16074, LR16374, and LR13174) served as 
parent mycelium in these experiments. Two non-aerial blighting 
AG-1 R. solani strains (LR9473 and an AG-1 isolate obtained from G. C. 
Papavisas) previously used to produce the perfect state, were included 
to monitor the success in inducing fructifications. The isolates used 
in these experiments are identified in Tables 1 and 3.
In the first method, each isolate was incubated 20 to 22 days on 
PDA prior to pairing. Hot 2% WA was syringed onto a sterile slide 
supported by glass rods in a petri plate. Discs of mycelium were cut 
out of the PDA with a cork borer and placed on the solidified WA.
This experiment was repeated using 50 to 55 day old cultures. In a 
second experiment a sclerotium from each isolate was placed in a petri 
plate containing a sterile rice seed:rice-hull mixture (1:2)
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moistened with SDW. Following a three-day incubation period, the lids 
were removed and steamed soil was added to each dish. The media was 
periodically moistened with SDW. In a third method, plates containing 
20 ml potato Marmite-dextrose agar (PDA medium supplemented with lg/L 
Marmite yeast extract) were inoculated with each isolate and covered 
either immediately or 13 days later with 2 cm of moist autoclaved 
soil. Plates were allowed to dry for 2 weeks then re-moistened with 
sterile water. In a final experiment isolates were cultured in a 
sterile rice seed:rice-hull mixture (1:2) for 2 weeks and then covered 
with moist soil. In all experiments the plates were incubated at 
room temperature in diffuse fluorescent light. The cultures were 
examined periodically for hymenia.
Anastomosis Relationships Among Rhizoctonia Isolates From Rice, 
Soybean. Sorghum, and Other Hosts Collected in Louisiana - Isolates of 
R. solani obtained from diseased tissues of rice, soybean, and sorghum 
were paired with tester isolates to determine their AG. Tester 
isolates from a collection made by J. R. Parmeter, Jr. were donated 
by E. E. Butler of the University of California at Davis. They are 
identified in Table 3.
Table 3. Reference numbers and origins of R. solani isolates used by
J. R. Parmeter, Jr., E. E. Butler, and M. C. Rush to identify 
the same four anastomosis group isolates.
AG # Parmeter*s // Butler's # Rush's #___________Host________
AG-1 R43 43 LR9473 pine seedling
AG-2 S284 328 LR8974 Gysophilia
AG-3 ATCC 14006 141 LR9673 bean seedling
AG-4 C283 283 LR9773 conifer seedling
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A second set of tester isolates was obtained from G. C. Papavisas 
(USDA, Beltsville, MD). The origin of these isolates is not known.
The two sets of AG tester isolates were paired with each other to 
ensure that they represented the four anastomosis groups. All other 
isolates used in tests of anastomosis relationship were obtained from 
diseased host tissue.
Anastomosis relationships between Rhizoctonia isolates were 
determined by a procedure similar to that of Parmeter (63). A used 
slide was dipped in 95% alcohol and flamed. The slide was dipped in 
hot sterile PDA and placed in a petri dish containing 2% WA for 
moisture. Slides coated with a thin film of PDA were inoculated with 
discs from the growing edge of isolates cultured on PDA. Two discs 
were placed 2 to 2.5 cm apart on each slide. Colonies were allowed 
to grow from the discs until they overlapped slightly. This usually 
required a 24-h incubation period at 28 C. Excess PDA around the 
overlapping area of mycelium was trimmed away, and the area stained 
with .001% (w/v) cotton blue in dilute lactophenol (lactophenolrwater, 
l.*9 v/v). A glass cover slip was placed on the slide and sealed with 
paraffin. Slides were examined for anastomoses. A positive anasto­
mosis reaction was recorded when a minimum of three anastomoses were 
observed.
The AG was determined for R. solani isolates from foliar-blighted 
soybean, rice, sorghum, and other host tissues. Isolates of R. solani 
obtained from soybean and sorghum were paired with isolates obtained 
from weed hosts. The AG of isolates obtained from damped-off seedlings 
of soybean, pepper, lettuce, and cotton collected in Louisiana was 
also determined.
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In other experiments the anastomosis reaction between eight 
culturally distinct R. oryzae isolates and between R. oryzae and 
R. solani isolates was examined. The eight R. oryzae isolates ob­
tained from diseased rice leaf and sheath tissues (LR17174, LR13174, 
LR16574, LRI6674, LR16774, LR16374, LR16874, and LR18074) were paired 
with each other in all combinations. In another experiment three 
R. oryzae isolates (LR13174, LR16374, and LR18074) were paired with 
the four AG tester isolates as well as with three R. solani isolates 
(LR172, LR6172, and LR8472) obtained from diseased rice tissue and 
one from soybean tissue (LR3472) collected in La. The II. oryzae 
isolates used in these experiments are identified in Table 1. The 
relationship between R. solani and R. oryzae was further investigated 
by observing their interaction on a charcoal-PDA medium used by Butler 
and Bolkan to induce heterokaryon formation in R. solani (19).
Toxin Production by R. solani Isolates
Bioassay techniques - Several bioassays were developed to deter­
mine the effect of toxins and culture filtrates of R. solani on the 
rice plant.
Bioassay I : In this leaf assay a l-cm^ area of 60-day-old leaves
of the rice cultivars Dawn, susceptible to sheath blight, or Zenith, 
moderately resistant to sheath blight, was stippled 10 times with a 
needle and wrapped with a strip of cheesecloth moistened with a test 
solution. The leaf was placed across a small plastic petri plate 
(5 cm in dia.) so that the stippled area was in the plate. The petri 
plate lid was replaced and the whole plate placed in a 10 cm glass 
petri plate containing distilled water. The leaf was then detached
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from the plant and the cut end Immersed In the water of the larger 
dish. This technique maintained high humidity so that the test 
solution would not evaporate from the leaf. Test solutions were 
100 ppm PAA, 100 ppm mHPAA, filtrate of R. solani cultured on modi­
fied Richard’s media for 30 days, and a SDW control. Plates were 
placed in an incubator at 28 C under fluorescent light. Leaves were 
examined after incubation for 24 and 48 h. The areas around each 
puncture were described, and the percent of leaves with symptoms were 
recorded. Two replications were included in each of two experiments.
The experiment was repeated using 10, 50, and 100 ppm of PAA and 
mHPAA toxins on both Dawn and Zenith leaves. A pair of forceps was 
modified so that uniform punctures could be made. Fifteen very fine 
insect pins were inserted into a l-cm^ piece of cork and glued to the 
forceps so that the pins protruded 2 mm. This experiment was repeated 
3 times with 12 leaves per replication.
Bioassay II: Two leaves of 30-day-old plants were detached and
immediately placed into a small test tube containing enough test 
solutions to immerse 1 cm of the cut end of each leaf. The leaves 
were held in place with cotton plugs and the tubes placed under 
fluorescent lights at 28 C. Test solutions were the same as in Bio­
assay I. Measurements were taken of the length of a vertical zone 
of the midvein that had become chlorotic and watersoaked after 24 h.
Two experiments were conducted with three replications each.
Bioassay III: This assay was to investigate the effect of toxin
solutions and fungal filtrates on seed germination. Ten rice seeds of 
the variety Dawn were placed in 0,5% HgCl for 1 h and then rinsed with 
SDW. The seeds were placed in a petri dish with 10 ml of test
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solution and incubated for 5 days under fluorescent lights at 28 C,
Test solutions included filtrate autoclaved for 20 min at 15 psi, 
filter sterilized filtrate, and ether-extracted filtrate from R. 
solani isolate LR172 incubated for 30 days on 100 ml modified Richards 
media. Filter-sterilized filtrate was prepared by passing filtrate 
through 0.2 pn Millipore filters. One hundred ml of filtrate was par­
titioned with 3 X 1/3 vol ether. Commercially prepared PAA and mHPAA, 
and a water control were also tested. The experiment included three 
replications. The number of seeds germinated were counted after five 
days incubation at 28 C.
In a second seed germination assay the root and shoot lengths 
of 20 Dawn and 20 Zenith seedlings were measured after exposure to 
10, 50, and 100 ppm of mHPAA and PAA for 5 days. This experiment was 
repeated twice.
Bioassay IV; Alterations in membrane permeability were estimated 
by measuring the leakage of electrolytes from rice leaves at various 
times after exposure to PAA and mHPAA. Rice plants of the variety 
Zenith were grown for 52 days in the greenhouse. Leaves were cut 
into 2-cm segments and 10 segments placed in a cheesecloth bag for each 
treatment. The bags were placed in deionized water under a vacuum 
for 1 h to infiltrate the intercellular spaces of the leaves. The 
leaf bags were removed and each one was placed in a 125 ml beaker 
containing 50 ml of toxin or control solution. Control solutions con­
sisted of deionized water. The flasks were placed on a shaker at 180 
cycles/min for 1 h. Bags were then removed from the flasks, rinsed 
thoroughly, and replaced in flasks containing deionized water. The 
flasks remained on the shaker except during measurements. Conductivity
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measurements were made at 0, 2, and 4 h with a Barnstead
Model PM-70 CB conductivity bridge (tiarnstead Co., 225 Rivermoor
St., Boston, MS, USA 02132), The bridge was equipped with a
Beckman CEL-VS01 conductivity cell of 0,1 constant (Beckman Instruments,
Inc., Cedar Grove, NJ, USA).
Bioassay V : Dehulled rice seeds were surface sterilized by 
soaking them in 50 ml 10% Clorox and .1 ml "Tween" 40 for 30 min. The 
seeds were rinsed in SDW and 15 sterilized seeds were placed asepti-
cally in each of several petri plates containing 10 to 12 ml PDA.
All plates were incubated at 28 C under fluorescent lights on a 12 h 
day/night light cycle for 72 to 80 h to detect growth of contaminating 
fungi or bacteria. Sterile, uniformly germinated seeds were selected 
from the plates for bioassay experiments. The root lengths of 5 or 6 
uniformly germinated seedlings were estimated and placed in a 5-cm-dia. 
dia. glass petri dish containing 5 ml treatment solution. An estimate 
of the pre-treatment root lengths from seedlings was made for each 
dish of seedlings. Petri dishes were returned to the incubator and 
root and shoot lengths measured after 72 to 80 h. Dishes with each 
treatment were replicated 5 or 6 times (24 to 36 seedlings) depending 
on the number of sterile seedlings available. Treatments of seedlings
using this assay are described in individual experiments.
Solutions of mHPAA and PAA were bioassayed for their effects on 
the growth of pre-germinated rice seeds. Five ml solutions of 
commercially prepared PAA and mHPAA at concentrations ranging from
• m O  w rn ft
10 to 5 X 10 ° M were placed in small petri dishes and bioassayed 
according to the procedure previously described for bioassay of 
germinating seeds (Bioassay V). SDW served as a control treatment.
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Root and shoot lengths were measured after 79 h incubation at 28 C 
in the toxin solutions. The bioassays in two experiments included 
29 seedlings per treatment and 25 seedlings per treatment.
Culture filtrates of R. solani isolates LR172 and LR14675 were 
bioassayed for toxicity to rice seedlings. The bioassay procedure 
used was described previously as Bioassay V. Culture filtrates of 
each isolate were prepared by placing a 4-mm disk from the growing 
edge of colonies cultured on PDA plates into flasks containing 100 ml 
of modified Richards media and incubating the flasks for 30 days at 
28 C. The mycelia and sclerotia in each flask were harvested by 
filtration onto pre-weighed filter papers in a Buchner funnel, dried 
in a 70 C oven overnight, and weighed when papers had come to a con­
stant weight at room temperature. The flasks containing culture 
filtrates were placed in boiling water for 2 0 min to inactivate 
enzymes. The filtrates from each isolate were cooled at room 
temperature, diluted to 50%, 25%, 12.5%, and 6.25% of the original 
filtrate with SDW, and bioassayed. SDW served as a control treatment. 
Each assay in two experiments included 24 seedlings.
Separation and Identification of Toxins
Two separate techniques were used for separating and identifying 
toxins produced by R. solani. One technique used was thin-layer 
chromatography (TLC). For this procedure silica gel plates were 
prepared by the method outlined in the Desaga/Brinkmann thin-layer 
Chromatography Operating Manual 103-F (4). Glass plates measuring 
20 X 20 cm were coated with a 0,25 mra-thick layer of a degassed slurry 
of 30 g silica gel G mixed with 65 ml deionized water. Plates were
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allowed to dry approximately 30 min, activated 1/2 h at 110 C, 
and placed in a dessication chamber until used. In some cases plates 
were pre-developed in the separation solvent and reactivated before 
use. After plates were spotted with test samples, they were developed 
by ascending chromatography in paper-lined glass chromatography tanks 
which had been allowed to equilibrate in developer solvent for at 
least 1 h. After development, the plates were dried at room temperature 
and sprayed with detection reagents.
The second technique used was paper chromatography (PC). Sheets 
of Whatman #1 chromatography papers measuring 45 X 56 cm were spotted 
with test samples and one end placed in troughs in solvent-equilibrated 
chromatography tanks. Solvent was added to troughs and papers were 
allowed to develop by descending chromatography. All papers used for 
separations were pre-developed in the separation solvent and air-dried 
before use. Basic solvents used in chromatography separations were
equilibrated overnight at 4 C, and acidic solvents were equilibrated
at room temperature. Rf values were calculated by dividing the 
migration distance of the compound by the migration distance of the 
solvent front.
Unless otherwise noted, detection reagents were prepared according 
to methods outlined in the Handbook of Chromatography (30). The 
following solvents and detection reagents were used:
Separation solvents:
1. benzene:dioxane:acetic acid (BDA) (90:25:4)
2. isopropanol:NH40H:H20 (IAW) (8:1:1)
3. n-butanol:pyridine:dioxane:H2 0 (BPDW) (70:20:5:5)
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4, benzene:acetic acid:H20 (BAW) (8:1:1)
5. butanol:formic acid:H2 0 (BFW) (4:1:5)
Detection reagents:
1. Folin-Ciocalteau reagent. Dry plates or papers were 
sprayed with a 20% solution of NaCOg in water, dried 
briefly, then sprayed with Folin-Ciocalteau reagent:
H20 (1:3).
2. Ferric chloride reagent. One ml 2N HC1 was added to a 
2% solution of FeCl (anhydrous) in water. This reagent 
was diluted 5:1 (H2 0 :FeCl reagent) just before use and 
sprayed onto plates or papers.
3. Nitrosonaphthol reagent. A  .1% solution of alpha-Nitroso-
beta-napthol in 95% ETOH was prepared and mixed with conc.
HC1 (9:1). Plates were sprayed, allowed to damp-dry, and 
heated in an oven at 105 C for a few minutes until color 
developed.
4. Bromocresol green reagent. A 0.1% solution of broraocresol
green in 99.5% ETOH was prepared. One N NaOH was added 
until color became blueTgreen. Plates were sprayed with
a 1:4 mixture of this reagent and acetone. Spots were
outlined with a pencil before overspraying with other
detection reagents.
5. TCQ (Gibb's reagent). Plates or papers were first sprayed
with 0.05% N-2,6-Trichloro-p-Benzoquinone Imine in 99.5% 
ETOH and allowed to air-dry. Plates were then sprayed 
with 4,75% borate buffer, pH 9.3 prepared from
Na2B^0y.10 H2O.
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6 . Xylose-aniline or ribose-aniline reagent. One g xylose 
or ribose was added to 3 ml H^O. One ml analine was 
added to this solution and the mixture diluted to 100 
ml with methanol. Plates were sprayed and heated while 
damp at 100 to 105 C for 5 to 10 min.
7. Ferric Chloride-Ferricyanide reagent. Solutions were 
made of 0.1 M  FeClg and 0.1 M KgFe(CN)g in water. The 
solutions were mixed and sprayed immediately.
8 . Nitrobenzenediazonium Fluoroborate reagent (42). A 1% 
para-nitrobenzene diazonium fluoroborate solution in 2 0% 
sodium acetate aqueous solution was sprayed on paper or 
thin layer plates.
Extinction curves of PAA and mHPAA were prepared from known 
quantities of these compounds. Crystalline PAA was weighed and diluted 
in 95% ETOH to 25, 50, 100, 200, and 500 jig/ml and the absorbance of 
PAA measured at 260 nm. Crystalline mHPAA was weighed and diluted 
to obtain final concentrations of 2, 4, 8 , and 16 jig/ml in water 
containing color developing reagents. Two ml 2.8 N Na2C0 g was added 
to 3 ml of each dilution in test tubes and mixed. The Folin Ciocalteau 
reagent was diluted with two volumes of SDW and 0.6 ml was added to 
each tube. The tubes were shaken and absorbances measured at 660 nm 
within 30 min.
The separation and recovery of toxins was tested by spotting 
1000 ug PAA and 100 jig each of oHPAA, mHPAA, and pHPAA dissolved in 
95% ETOH in two spots on a Whatman #1 chromatography paper. The 
quantities of toxins were divided between two spots. After developing
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in IAW the paper was cut in half. One half was sprayed with the (BCG) 
reagent followed by the Folin-Ciocalteau reagent. The areas on the 
other half-paper corresponding to detected spots of mHPAA and PAA 
were cut out and placed in two test tubes. PAA was eluted into 3 ml 
95% ETOH and mHPAA into 3 ml SDW and developed with color reagents.
The absorbance of solutions with mHPAA and PAA were recorded and the 
quantities of toxins calculated.
A procedure was developed for the extraction of toxins from 
culture filtrates of R. solani. A 4-mm disc of R. solani isolate 
LR172 cultured on PDA was placed in a flask containing 100 ml modified 
Richards media modified by the addition of 0.5g yeast extract (93) 
and incubated at 28 C for 30 days. The mycelium was removed asepti- 
cally with forceps and the filtrate extracted according to the scheme 
outlined in Fig. 28. When ionized compounds are made non-polar by 
acidification they are easily extracted into ether. Additional ex­
traction steps were necessary to remove excess organic compounds 
which were found in preliminary experiments to obscure detection and 
separation of toxins. Lipids remained in the ether fraction when 
toxins were partitioned into a water fraction of 7% NaHCO^. This 
water fraction was reacidified so that the toxins could be extracted 
back into ether and concentrated.
The production of toxins by R. solani cultured on a sterile rice 
seed:rice-hull media was investigated. A 4-mm disc of R, solani 
isolate LR172 was placed in a 1L flask containing 700 ml of this 
medium. Flasks were incubated at 28 C for 20, 30, and 40 days.
Sterile deionized water was added to the flasks and the mixture
stirred and filtered through cheesecloth. The media was nixed a 
second time with enough water to make a final volume of 400 ml. Two 
hundred ml of the brown-colored water extract was filtered through 
Whatman ill filter paper using a Buchner funnel. The filtrate was 
extracted according to the scheme outlined in Fig. 28 and a portion 
was spotted on paper chromatograms. Paper chromatograms were developed 
with IAW. In preliminary experiments it was determined that for each 
sample, 15 pi from the toxin extract dissolved in 1 ml 95% ETOH was 
enough to produce distinct spots of mHPAA on chromatograms detected 
with the Folin-Ciocalteau reagent. However, 80 pi was necessary for 
detection of PAA with the BCG reagent.
Another experiment tested the possibility that more than one 
compound was present in chromatograms of II. solani extracts at Rfs 
corresponding to Rfs of commercially prepared PAA and mHPAA. In this 
experiment toxins extracted from R. solani culture filtrates were 
chromatographed in eight spots on paper using IAW as a developer.
PAA and mHPAA were detected with BCG and Folin-Ciocalteau reagents, 
respectively, on 1/8 of the paper. Areas on the seven unsprayed parts 
of the paper corresponding to PAA and mHPAA were cut out and each 
eluted in 3 ml of 95% ETOH. The volume of ethanol was reduced under 
a stream of nitrogen and the residue re-chromatographed in several 
developing solvents.
Toxin production by R. solani in liquid media - Toxin production, 
filtrate toxicity, pH, cultural characteristics, and growth rate of 
R. solani isolate LR172 were monitored in liquid media for 45 days. 
Flasks containing 100 ml of modified Richards media were each inocu­
lated with a 4-mm disc of R. solani isolate LR172 from PDA cultures
and incubated at 28 C in the dark. Every five days, four flasks were 
removed and their contents analyzed^..JThe dry weight of mycelium 
from each flask was determined. The mycelium from each flask was 
removed aseptically and filtered through a Buchner funnel on a pre­
weighed Whatman #1 filter paper. The filter papers were placed in a 
70 C oven and dried overnight. The filter papers were removed, 
allowed to come to constant weight at room temperature, and weighed. 
The production of sclerotia and changes in the color of the media 
were monitored visually and described as the amount of the media 
surface consisting of sclerotia and the intensity of brown color, 
respectively.
After determining pH, the filtrate contents of two flasks were 
extracted for toxins according to the procedures described earlier.
The residue was re-solubilized in a small amount of ether and stored 
at -20 C until assayed. The toxin assays were conducted according to 
Bioassay V, described previously.
The pH was determined for the filtrate contents of two remaining 
flasks. These flasks were placed in boiling water for 20 min to 
destroy enzyme activity and stored at 4 C until the toxicity of the 
filtrates was bioassayed. The filtrates were diluted 1:1 with sterile 
distilled water and bioassayed according to the method outlined 
earlier for bioassay of R. solani culture filtrates. This experiment 
was repeated twice and included either two or four replications as 
described for the individual characteristics measured.
PAA and mHPAA production by single basidiospore isolates of 
R. solani in culture - Comparisons were made between the virulence 
index of 14 isolates of R. solani and their growth, filtrate toxicity, 
PAA production, mHPAA production, and other cultural characteristics 
in modified Richards media after incubation for 30 days. Methods for 
determining these characteristics have been described in previous 
experiments with isolate LR172. The pigmentation of culture filtrates 
was determined on a 0 to 5 scale in order of increasing intensity of 
color from colorless to dark brown. The amount of aerial mycelium was 
expressed on a 0 to 5 scale in order of increasing quantities of 
aerial mycelium from zero to complete coverage of the substrate 
surface. Colony diameters were determined for six replications of 
each isolate incubated on PDA plates for 48 h. The virulence index 
was defined as the mean disease rating obtained by averaging the 
disease indices of the eight rice varieties given in Table 6 .
Isolates LR172 and LR14675 are identified in Table 1. All other 
isolates were single basidiospore isolates taken from hymenia on 
sorghum. The toxicity of culture filtrates was also compared to PAA 
production, mHPAA production, and mycelial growth in liquid media.
Effect of PAA. mHPAA, and R. solani culture filtrate on eight 
rice cultivars - Eight rice varieties ranging from resistant to very 
susceptible in their reaction to sheath blight were used to test the 
effect of toxins and fungal filtrate on 40-day-old seedlings. Flats 
of these varieties were planted and fertilized as described for the 
virulence tests of R. solani isolates. Fungal filtrate was prepared 
by incubating R. solani isolate LR172 for four weeks in a 1 L flask
containing a moist sterile mixture of rice seed:rice~hulls (1 :1 ). 
Three hundred ml SDW was added to the flask. The mixture was stirred 
and the flask contents filtered successively through cheesecloth, 
Whatman #1 filter paper, and 0.2 pi Millipore filters. Part of the 
filtrate was diluted to half strength with SDW.
Rice seedlings were treated by spraying 100 ml each of 250 and 
500 pg/ml PAA and mHPAA, and a mixture of mHPAA and PAA. Control 
seedlings were sprayed with water. The experiment included two 
replications.
RESULTS AND DISCUSSION
Diseases Caused by Aerial Blighting Rhizoctonia Spp.
The perfect state of R. oryzae - Although sheath spot of rice has 
been found frequently in rice growing areas since its description in 
1938 by Ryker and Gooch (73), the perfect state of the pathogen 
Rhizoctonia oryzae has never been reported. During the 1973 and 1976 
growing seasons, white, powdery, superficial hymenia were found on the 
leaves and sheaths of rice growing in Vermillion and Acadia parishes in 
Louisiana. Lebonnet and Lahelle rice foliage containing hymenia were 
collected and R. oryzae was readily isolated from hymenia and lesions 
adjacent to hymenia. The hymenia were as long as 3 cm and sometimes 
encircled a sheath. The means of one hundred randomly selected single 
basidiospores collected from Lebonnet rice measured 9.02 x 12.54 p. 
These basidiospores were morphologically identical to but larger than 
T. cucumeris basidiospores obtained from sorghum. The basidiospores 
germinated and their germ tubes anastomosed readily with each other.
The hymenia were morphologically similar to hymenia of T. cucumeris. 
They consisted of globose basidia borne in cyme-like clusters on 
mycelia. A complete description of the perfect state, obtained ideally 
from in vitro studies, will have to be made before a formal perfect 
state designation can be given to this fungus.
The discovery of the perfect state of R. oryzae in Louisiana rice
fields was not unexpected. Occasionally a few isolated lesions are
found on rice leaves in the field although no sign of the disease
exists on the lower poriton of the plant. These single lesions usually
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yield R. oryzae. In addition the diverse cultural types of R. oryzae 
isolates collected from diseased rice foliage and from the soil may be 
accounted for by genetic segregation in the perfect state. Although it 
is not absolute proof, the evidence of genetic segregation through the 
basidial stage is a strong indication that the parent field isolates 
were heterokaryotic.
Aerial blight of soybeans - Blighting of soybean foliage was 
observed in epidenic form in Louisiana during the 1973 growing season. 
Soybean fields throughout the state were severely affected following 
extended periods of rain in August and September. The disease inci­
dence was lower in 1974 but became higher again during the 1975 season 
as a result of unusually high rainfall during the spring and summer.
The disease was again present by mid-July of 1976. The incidence of 
diseased plants varied from less than 1% to more than 30% among the 
fields surveyed.
In fields where the seeds had been drill planted, the disease 
spread in a roughly circular pattern whereas in row planted soybeans 
the disease spread down the row faster than laterally (Fig. 1). Plants 
in adjacent rows were often joined by dead or partially necrotic leaves 
stuck together by hyphae. Plants in the center of diseased areas often 
had all of their leaved killed, with dead leaves attached to green 
stems. Infection appeared to spread from the ground upward causing 
reddish-brown, oval to linear lesions on stems and petioles (Fig. 2). 
Immature pods were rotted, becoming reddish brown or tan in color 
(Fig. 3). Infection of leaves initially appeared most commonly at the 
base of the blade at the petiole with subsequent spread in a fan-shaped 
pattern to the rest of the leaf blade (Fig. 4). Where leaves over-
Figure 1. Aerial blight on Dare soybean caused by natural infections 
of R. solani.
Figure 2. Typical reddish-brown lesions on soybean steins naturally 
infected by R. solani.
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Figure 3. Blighting of Dare soybean pods caused by natural infections 
of R. solani. The tan-colored sclerotia, which become 
smaller and dark brown when mature, were produced abundantly 
on stems, pods, and leaves of soybean in the field.
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Figure 4. Leaf and pod symptoms on soybean naturally infected by R.
solani. Note the dark brown sclerotia on one leaf and stem.
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lapped, the fungus spread from leaf to leaf causing lesions on any part 
of the leaf. Leaf lesions were first water soaked and gray-green with 
mycelium spreading over the surface of the leaf in advance of the 
lesion margin. The lesions became necrotic and ranged in color from 
dark brown to tan with a thin red-brown margin (Fig. 4). Affected 
leaves curled and dried out. Losses were most severe when flowers were 
aborted or young pods were attacked. The leaf disease phase only 
occurred under conditions of high rainfall. However severe pod infec­
tion occurred sometimes without severe leaf damage during periods of 
frequent showers or heavy dew where moisture was available under the 
canopy.
Mycelium typical of that produced by R. solani was observed on the 
surface of all infected parts of diseased soybean plants. Sclerotia 
of the R. solani type and measuring 1 to 6 mm in diameter or length 
were commonly observed on diseased stems, pods, petioles, and leaves 
(Fig. 3,4).
Sclerotia produced on diseased plant tissues or in culture were 
typical of R. solani of the "sasakii" type and not typical of the 
"microsclerotia11 type previously reported to cause aerial blight of 
soybeans or web blight of beans (7). Sclerotia were also observed on 
healthy tissues adjacent to lesions and on decaying leaves under 
diseased plants. R. solani was readily cultured from sclerotia and 
isolated from all diseased tissues. All of the isolates obtained from 
infected foliage or pods were similar and produced large (1 - 6 mm) 
sclerotia in culture (Fig. 5). No isolates producing microsclerotia 
were obtained.
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Figure 5. Cultural characteristics of R. solani isolates obtained
from rice and soybean foliage and R. oryzae obtained from 
rice foliage after incubation on FDA.
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R. solani isolates were obtained from field collected diseased 
plants of the following soybean cultivars: Bragg, Coker 136, Dare,
Davis, Forrest, Hampton 266A, Hood, Lee, Hack, McNair 800, Pickett 71, 
Ransom, Semmes, and Sutton.
Sheath blight of sorghum - Rainfall during the 1975 growing season 
was unusually heavy with accompanying epiphytotics of sheath blight and 
aerial blight in rice and soybeans. In addition, several sorghum 
fields were observed with severe blighting of sheaths, leaf blades, and 
stems. This disease was not previously reported from Louisiana. In a 
restricted survey conducted during the summer of 1975, the sorghum 
cultivars Pioneer Brand, Roma, Ramada, Rio, Funk G-516, Golden Grain, 
and AKS-614 were found affected by the disease.
Symptoms were expressed as large white-centered lesions, which 
sometimes appeared as a series of 2 to 8 cm wide, reddish-brown bor­
dered bands across the leaf (Fig. 6). Leaf sheaths and stems developed 
brown bordered oval lesions with white centers (Fig. 7). Sclerotia 
produced at the margins of sheath, leaf, and stem lesions were initial­
ly white (Fig. 7) but eventually became tan and then dark brown with 
time. The sclerotia measured 1-6 mm in diameter.
Cultural characteristics of R. solani isolates obtained from the 
blighted foliage of seven sorghum cultivars were similar to the foliar 
blighting R. solani isolates from rice and soybean.
Perfect state of R. solani on sorghum - Hymenia were located on- 
the lower leaf surfaces of apparently healthy sorghum tissue but ad­
jacent to the large white-centered lesions (Fig. 8). Most hymenia were 
roughly circular and very large, covering an area of 16 cm^ or larger. 
The hymenia typically consisted of racemes of barrel-shaped basidia
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Figure 6 . Typical leaf symptoms on sorghum naturally infected by R.
solani. The bottom leaf was not infected. Symptoms on 
severely infected foliage appear as a series of large white, 
coalescing lesions which produce a banding effect similar 
to symptoms on susceptible rice leaves.
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Figure 7 . Typical white-centered, oval-shaped lesions on sheaths of 
sorghum naturally infected by R. solani. White sclerotia 
which will darken at maturity were produced abundantly on 
decaying tissue and at the borders of lesions.
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Figure 8 . Hymenium of Thanatephorus cucumeris on a sorghum leaf,
The hymenia were superficial and occurred on green tissue 
adjacent to lesions
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which were wider than the supporting hyphae. Basldiospore production 
by hymenia on six leaf pieces continued for six days. Another set of 
leaves with hymenia that had dried out in the field produced basidio- 
spores for 11 days.
Germination of basidiospores was observed less than 24 h after 
placing hymenia in petri plate tops. Almost all spores germinated by 
a single nonseptate germ tube from the end opposite the apiculus. A 
few, however, germinated by basldiospore repetition. Anastomosis be­
tween nonseptate germ tubes rarely occurred. Frequently basidiospores 
produced a second germ tube from the side or other end of the spore 
after the first germ tube had formed septations. Anastomoses were 
occasionally observed between septate germ tubes growing from different 
basidiospores.
Basldiospore morphology was typical of T. cucumeris (87). The 
basidiospores were smooth, prominently apiculate, oblong to broad- 
ellipsoid, unilaterally flattened, and widest toward the distal end. 
Dimensions of 100 basidiospores from six hymenia were 7.02 (+ 2.62) x 
8.72 (+ 2.12) pm, within the range reported for other basidiospores 
from T. cucumeris hymenia (46, 75).
Cultures were established from about 50% of the basidiospores 
picked up with PDA pieces. Approximately 5% of the germinated spores 
continued growth when transferred directly from the medium with a trans­
fer needle.
When development of diseases caused by Rhizoctonia spp. occurs on 
above ground plant parts, the possibility exists that basidiospores 
serve as inoculum. A role in pathogen dissemination by basidiospores 
has been implicated for foliage blight of sugar beets and web blight of
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common bean. This method of dissemination in sorghum fields is not 
unlikely in view of the pattern of disease development occasionally 
observed in these fields. Areas in fields have been observed where 
disease has developed on aerial leaf parts with no evidence of the 
fungus or symptoms on lower leaf sheaths or stems. It is possible that 
the rapid spread of sheath blight of sorghum when conditions are warm 
and humid can be explained by production and dissemination of basidio­
spores.
We have no evidence yet that single basidiospores of R. solani are 
able to survive and form colonies in soil. The lack of variant forms 
in field-collected R. solani suggests that single basidiospores 
anastomose to form heterokaryons prior to infection or that single 
basidiospores do not survive in nature.
Comparison of Pathogenicity, Morphology, Growth Rate, 
and Temperature Response of Selected Isolates of 
Rhizoctonia Spp. from Rice, Soybean, Sorghum, 
and Weed Hosts
Comparisons between field isolates of R. oryzae - In contrast to 
symptoms caused by R. solani, lesions of R. oryzae sheath spot are 
usually restricted to more regular shaped smaller spots on leaf sheaths 
and have a wider brown border. However, during isolations of R. oryzae 
from diseased rice sheaths, it was difficult to distinguish sheath 
spots caused by R. oryzae from lesions caused by R. solani on resistant 
varieties (Fig. 9,10).
In contrast to the similarities found between isolates of R. 
solani, the isolates of R. oryzae exhibited striking variations in 
color, sclerotia formation, growth, and production of aerial hyphae 
(Fig. 11). The growth of some isolates was inhibited at 36 C but with
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others the growth was enhanced by this high temperature (Fig. 12).
Some isolates produced sclerotia immediately and others produced no 
sclerotia after incubation for four weeks. The sclerotia produced by 
most isolates were located on the media surface as well as deep in the 
media. Sclerotia were often produced in the bottom of petri dishes, 
suggesting a low oxygen tolerance. Sclerotia of the isolates varied 
in color from white, cream-colored, or yellow, to pink, salmon, or 
orange. The production of sclerotia and color of some isolates 
varied with temperature. In general, fewer sclerotia, abundant aerial 
hyphae, and white to yellow rather than pink to orange pigmentation 
were observed at the higher temperatures. The replications of each 
isolate at each temperature were similar.
Over 50 cultures were established from single basidiospores 
isolated from hymenia on Lebonnet rice collected in 1976. These cul­
tures differed from each other in a wide range of cultural character­
istics. These characters were maintained in replicated plates and in 
successive transfers and were similar to variations found in the field 
isolates of R. oryzae collected in 1973. Unlike the field isolates, 
however, the growth rates of several isolates were very slow.
At least three mechanisms could be causing the wide range of 
cultural characteristics in field-collected isolates of R. oryzae. 
Variation in Rhizoctonia solani occurs through mutation, heterokaryon 
formation, and meiosis (28,85). The occurrence of meiosis in R. oryzae 
is revealed by the report in this paper of the occurrence of the per­
fect state on rice plants. Mutation was evident in the sectoring 
found in some single basldiospore cultures obtained from R. oryzae 
hymenia on rice. Anastomosis occurs between isolates of R. oryzae
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Figure 9. Typical symptoms when a susceptible rice cultivar was in­
oculated with a field isolate of R. solani. The margins 
of lesions are characteristically bordered by a narrow, 
dark brown band.
Figure 10. Symptoms typical of sheath blight when a resistant rice
cultivar was inoculated with a field isolate of R. solani. 
The margins of lesions were characteristically bordered by 
a wide, dark brown band. These symptoms were also typical 
of rice cultivars inoculated with R. oryzae.
Figure 11. Variations in cultural characteristics among six isolates of 
R. oryzae obtained from diseased rice foliage. The isolates 
were incubated on FDA for 2 weeks at 32 C.
Figure 12. Variations in cultural characteristics among six isolates 
of R. oryzae obtained from diseased rice foliage. The 
isolates were incubated on FDA for 2 weeks at 36 C.
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(See section on anastomosis relationships). In the field anastomosis 
may be resulting in nuclear exchange and formation of heterokaryons. 
According to Flentje and Stretton (28), the usually heterokaryotic 
condition of field isolates of R. solani is revealed by the wide varia­
tion in physiological characteristics among single basldiospore cul­
tures from field isolate parents. The fact that these variations exist 
in R. oryzae single basldiospore cultures is perhaps evidence that 
field isolates of R. oryzae are heterokaryons.
Growth rate and temperature studies - In studies of Rhizoctonia 
spp., Brancoto and Golding (17) concluded that the use of measurements 
of colony diameter was sufficiently reliable for determining growth 
rates and for comparing the effect of environmental factors. It has 
also been demonstrated by other authors that growth curves obtained 
from R. solani cultured on liquid media corresponded to those taken 
from growth on agar (80). In addition, nearly all records of growth 
of R. solani are in terms of linear growth on agar substrates.
Therefore, the growth experiments were conducted by measuring colony 
diameter on PDA plates. Two measurements of each colony were taken at 
90° angles and averaged.
The optimal temperature range for growth of R. solani isolates 
from rice and soybean was demonstrated to be 28 to 32 C (Fig. 13).
R. oryzae isolates exhibited optimum growth at 28 to 36 C (Fig. 14).
The temperature optima of the aerial blighting R. solani isolates were 
high when compared to the temperature optima of 23 to 28 C most fre­
quently reported for isolates of R. solani from damping off and root 
rot diseases. These results agree with those of Matsumoto et al. (47), 
who found that isolates of the "sasakii" type grew most rapidly at
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Figure 13. Growth of three isolates of R. solani obtained 
from diseased rice foliage and two isolates of 
Ji* solani obtained from diseased soybean leaves 
over a 36 h period at various temperatures.
Each point represents the mean of six 
replications.
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Figure 14. Growth of 3 isolates of R. oryzae on PDA over 
a 36 h period at various temperatures. Each 
mean is the average of the colony diameter 
growth for six replications.
69
28 to 31 C. Hashloka and Makino (33) found that the optimal growth tem- 
perature of one isolate each of P. sasakil and R. oryzae were 27 C and 
3 2 C, respectively. Tu (92) and Santos (74), however, found varying 
thermal responses among many isolates of C. sasakii. Some had a wide 
optimal temperature range (24-36 C), while others were narrower (28-36 C, 
24-32 C, and 28 C).
Both R. solani and R. oryzae showed a wide range of temperature 
adaptation, including a low temperature tolerance (Table 2). At temper­
atures of 12 to 32 C, the growth rate of R. oryzae isolates was slower 
than that of R. solani isolates, indicating a lower cold tolerance. At 
36 C the R. oryzae isolates grew faster than the R. solani isolates, in­
dicating a greater tolerance for high temperatures.
The growth rate of all isolates at all temperatures was slower for 
the first 24 h than for the successive 24 h period (Table 4). The lower 
growth rate during this first 24 h period may reflect a requirement for 
an adjustment period. Most isolates growing in the lower temperature 
ranges (12 to 20 C) continued to increase their growth rates at each 12 
h period to 48 h, whereas most growing at higher temperatures (24 to 36 
C) exhibited a decrease in growth rate during the 36th to 48th h.
Various physiological and pathogenic strains have been reported for 
R. solani in the literature. A few researchers have used temperature 
criteria or culture morphology for differentiation of strains (35, 92). 
The data in Table 4 suggest that no strain differences based on tempera­
ture requirements were present among R. solani isolates obtained in La. 
from either rice or soybean. The isolates obtained from soybean had a 
slightly slower growth rate than those from rice. Based on these experi­
ments R. oryzae was significantly different from R. solani in that it has
Table 4. Linear growth in successive 12 h periods of isolates of R. solani and R. oryzae incubated on 
PDA at different temperatures.
Incubation time Linear growth (mm)—  ^ ~
and R. solani R. solani R. oryzae
temperature __________ (rice)______________   (soybean)  • (rice)_______________
 _________________ LR172 LR15774 LR8473 LR3472 LR6173 LR13174 LR16374 LR18074
12UC 
12 h 
24 
36 
48
16°C 
1 2 h 
24 
36 
48
20°C 
12 h 
24 
36 
48
24°C 
1 2 h 
24 
36 
48
28°C
1 2 h 11.3 1 0 . 2 10.5 8.5 9.4 7.0 7.5 6.5
24 1 0 . 8 13.9 13.2 9.5 11.5 9.7 8.9 9.7
36 13.8 14.3 16.2 12.5 17.2 1 0 . 2 1 1 . 2 11 . 0
48 >14.0 11 . 6 1 0 . 1 15.0 >11.9 11.7 11.9 10. 2
2 . 4 ^
3.7
4.4
5.2
3.2 
5.0 
6.5
6.2
3.0
3.1 
4.5 
5.0
1.0
3.0
2.7
2.5
2.0
2.9
3.0
4.0
0.9
2.2
3.0
3.5
1.4
2.8
2.2
3.0
0.0
1.7 
2.2
2.7
1.7
3.7
4.7 
4.5
1.9
4.5
5.3
5.7
1.7
4.7 
5.2
4.7
1.2
3.5
4.2
3.0
0.5
3.7
2.9
3.4
0.0
2.7
1.5
4.2
0.5
3.2
2.5
3.7
0.0
2 . 2
2.4
2.2
7.2
10.5
13.0
9.5
8.0
12.2
12.5
10.4
7.0
7.7
10.9
12.7
5.0
7.9
6.7
8.2
4.2
6.7
7.8 
11.4
2.7
6.5
6.4
7.4
3.9
6.2
6.7
7.4
2.7
6.7 
5.5
6.8
9.0
12.5
13.7
12.0
9.4
14.2 
13.4
11.3
8.9
11.2
13.7
11.9
7.0
8.7
9.7 
11.2
6.2
9.5
12.9
13.2
3.5
8.4
7.8
10.0
5.7 
8.2 
9.2
8.7
4.0
7.5
8.5
9.0
Table 4. (Cont'd).
Incubation time 
and 
temperature
Linear growth (mm -
R. solani 
(rice)
R. solani 
(soybean)
R. oryzae 
(rice)
LR172 LR15774 LR8473 LR3472 LR6173 LR13174 LR16374 LR18074
32°C
1 2 h 9.5 10.4 10.4 8.4 8 . 2 5.5 7.0 5.5
24 12.4 12.7 13.0 9.8 1 1 . 2 9.5 9.3 8.7
36 14.0 14.5 1 2 . 0 11.4 16.2 10.5 9.4 1 1 . 0
48 >1 4 . 0 >12.4 14.6 13.0 >14.4 10.4 11.7 10.5
36°C
12 h 9.5 4.9 6.4 5.2 6.5 7.2 9.0 4.2
24 12.4 5.2 7.7 5.7 1 0 . 0 10.4 1 2 . 0 9.5
36 14.2 5.7 7.2 6 . 0 6.7 10.9 13.5 10.5
48 >14.0 5.7 5.0 5.7 5.5 1 2 . 0 10.5 8.7
3 /—  Each number represents the mean of six replications. Two colony diameter measurements were taken at 
right angles and averaged. To represent growth in one direction, the diameters were divided in half.
—  Isolates are identified in table 1.
72
a lower growth rate and higher temperature optimum for growth (Fig. 13, 
14). Both R. oryzae and R. solani are similar in temperature range for 
growth. They grew well at 24 to 32 C, the most common temperature con­
ditions during the rice growing season.
The cultural characteristics of 18 isolates of R. solani from di­
seased rice were indistinguishable from one another. All isolates pro­
duced abundant, scattered, tan to brown sclerotia after one week. No 
aerial mycelium was observed and with each isolate the media became tan 
and eventually brown with time. Some variations in growth rate were 
found among the 18 isolates. Colony diameters after 36 h ranged from 66 
to 80 mm and averaged 74.1 mm. These results differ from those of Tu 
(92), who found 20 strains among 310 isolates from rice plants in Taiwan. 
His isolates exhibited wide variations in type of sclerotia, color of 
media, production of aerial mycelium, and growth rate. Isolates collect­
ed by Tu also varied in their pathogenicity to rice plants. Chien and 
Jong (21) classified 300 isolates into seven cultural types and six 
physiologic races based on the degree of pathogenicity and cultural 
characteristics. Based on cultural characteristics, the isolates collect­
ed in Louisiana appear to belong to the same race.
Pathogenicity of selected R. solani isolates to rice, soybean, 
sorghum, and wheat - Cultures of R. solani isolates from soybeans, rice, 
sorghum, and signalgrass were morphologically identical and were equally 
virulent to the soybean cultivars Dare and Bragg and to the rice culti- 
vars Starbonnet and Dawn. The isolates also caused sheath and leaf 
blights on the wheat cultivars Big Boy and Wakeland and on the sorghum 
cultivars Funk G-516 and Golden Grain.
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Isolates of R. solani from the various hosts caused typical aerial 
blighting symptoms on the stems and leaves of 14-day-old soybean seed­
lings, with abundant sclerotia on diseased tissue.
Apparently the aerial blighting diseases on these crop and weed 
species are caused by the same fungal pathogen. This may help explain 
the Increase in the occurrence of sheath blight of rice (70) and aerial 
blight of soybean observed in the 1970's. In southwest Louisiana, rice 
is now most commonly rotated with soybean rather than the "native" 
grass pastures common in the 1950's and I960's.
It has long been known that certain grass weeds, were attacked in 
rice fields by the R. solani causing sheath blight of rice (6 ). It 
has been speculated that these weeds served as hosts for the fungus 
between rice crops. The same grass weeds, signalgrass (Panicum 
dichotomif lorum) , bamyardgrass (Echinochloa colonum), and Coastal 
"bermuda" grass (Cynodon dactylon) have also been found diseased in 
soybean fields. These grasses appear to contribute to disease losses 
in "grassy" soybean fields with thin stands by increasing the canopy 
effect. The weed grasses also serve as hosts of the fungus in fallow 
fields thus providing inoculum for succeeding soybean or rice crops.
Sorghum is not at this time a major crop in Louisiana. However, 
inoculum produced on diseased sorghum may increase the potential for 
disease in fields rotated with rice or soybean. Preliminary reports 
on the foliage diseases of rice, soybean, and sorghum caused by R. 
solani have been published (57, 58).
Virulence of field collected isolates of R. solani from rice and 
other hosts - All foliar blighting R. solani isolates from rice, soy­
bean sorghum, and weed hosts were virulent to rice (Table 5). The
reactions of seven rice cultivars to isolate LR172 followed the same 
relative ranking in this experiment as they did in determinations made 
by Hoff et al. (34, Tables 2 and 5 and Fig. 18). However, the virulence 
index of LR172 was lower than most of the other R. solani isolates 
from blighted foliage. The virulence of LR172 may have been reduced 
from continuous culture on artificial media for 4 years. The virulence 
index of all foliage blighting isolates from rice ranged from 5.14 to 
7.43. The virulence index for isolates from soybean and three isolates 
from sorghum fell within the range of virulence indices determined for 
isolates from rice. One of the isolates from sorghum (LR1876) was 
slightly less virulent than other isolates. These results suggest that 
it is the same population of fungi attacking rice, sorghum, soybean, 
and weed hosts, and that the virulence of the isolates probably does 
not depend on the host origin. Results in Table 5 indicate that the 
relative resistance or susceptibility of cultivars to LR172 followed the 
same ranking when inoculated with 28 foliage blighting isolates. This 
suggests that R. solani races with virulence genes which can overcome 
resistance genes in rice are probably not present among these isolates 
of R. solani, and may not exist in field populations of R. solani in 
Louisiana.
Rice cultivars were almost immune to the soybean seedling isolate 
S75 (Table 5). When inoculated with isolate S75, cultivars susceptible 
to LR172 developed only a few small lesions on leaves, and no lesions 
were present on Zenith and Tetep cultivars (Fig. 16). This suggests 
that the genes conditioning resistance to sheath blight are operating 
against an R. solani isolate which is not normally a pathogen and 
that the type of resistance is of a general nature. Recent research on
Table 5. Virulence of field isolates of R. solani to seven rice cultivars ranging in reaction to isolate 
LR172 from resistant to very susceptible.
Rice cultivar and disease ratingl^
b/
Isolate Host Teter Zenith Nato Saturn Starbonnet Lebonnet Dawn
Virulent
index
LR9473 (AG-1) pine 0 . 0 0 . 0 0.5 0.5 0 . 0 0 . 0 0 . 0 0.14
LR8874 (AG-2) Gypsophila 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0 . 0
LR9673 (AG-3) French bean 0 . 0 0 . 0 0 . 0 0.5 0 . 0 0 . 0 0 . 0 0.07
LR9773 (AG-4) conifer 0 . 0 0.5 0.5 0 . 0 0 . 0 0 . 0 0 . 0 0.14
LR172 rice 2 . 0 3.5 5.5 7.0 7.5 7.0 7.5 5.71
LR15374 rice 4.0 4.0 5.0 7.5 7.0 8.5 8 . 0 6.29
LR2572 rice 3.5 4.0 5.5 8 . 0 6.5 8.5 9.0 6.57
LR6372 rice 5.0 3.5 8 . 0 8 . 0 7.0 9.0 9.0 7.07
LR7475 rice 4.5 5.0 7.0 8.5 8 . 0 9.0 9.0 8.29
LR15774 rice 4.5 4.5 7.0 8 . 0 8 . 0 9.0 9.0 7.14
LR6072 rice 4.5 3.0 4.5 6.5 5.5 8 . 0 8 . 0 5.71
LR8273 rice 5.0 3.5 5.0 7.0 6.5 8 . 0 8.5 6 . 2 1
LR18274 rice 4.5 5.5 7.5 8 . 0 8.5 9.0 9.0 7.43
LR17174 rice 3.5 4.0 5.5 7.0 8.5 8 . 0 9.0 6.50
LR17974 rice 4.0 3.5 4.5 6.0 6.5 6.5 7.0 5.43
LR374 rice 2.5 2.5 5.5 5.5 6 . 0 7.0 7.0 5.14
LR6172 rice 4.0 4.0 6 . 0 7.0 6.5 9.0 7.5 6.29
LR174 rice 4.0 3.5 5.5 7.0 8 . 0 8.5 8.5 6.43
LR15274 rice 5.0 5.0 6 . 0 8 . 0 8 . 0 9.0 9.0 7.14
LR18374 rice 4.0 4.5 6 . 0 5.5 7.5 8 . 0 9.0 6.36
LR17574 rice 4.0 3.5 3.5 9.0 8 . 0 7.0 7.0 6 . 0 0
LR6672 rice 4.5 2.5 5.5 7.0 6 . 0 6 . 0 5.5 5.29
LRl47b sorghum 4.5 4.8 5.8 6 . 0 7.5 6.5 8.5 6.75
LR1876 sorghum 2.5 2.5 3.5 5.8 6.5 7.0 6.8 4.89
LR1776 sorghum 3.5 4.0 5.0 6.5 6.5 8 . 0 8 . 0 5.93
LR1576 sorghum 7.0 3.5 7.0 8 . 0 7.0 7.5 7.5 6.79
LR6173 soybean 4.5 3.5 4.5 7.0 8 . 0 7.0 7.0 5.93
Table 5. (Cont'd).
b/
Isolate” Host
Rice cultivar and disease rating^/
Tetep Zenith Nato Saturn Starbonnet Lebonnet Dawn
Virulence
index
LR3472 soybean 3.8 4.5 5.5 8 . 0 7.8 8 . 0 6.0 6.43
LR19575 soybean 3.5 3.5 5.0 6.5 6 . 0 7.5 7.0 5.54
LR S75 soybean seedling 0 . 0 0 . 0 0.5 1 . 0 1 . 0 1 . 0 1.5 0.71
LR18174 red rice 3.5 4.0 5.5 8 . 0 8 . 0 8.5 9.0 6.64
LR19975 barnyardgrass 4.0 4.0 6.5 7.0 6 . 8 8.5 5.8 6.43
LR16974 signalgrass 4.0 5.0 6 . 0 7.5 8.5 9.0 9.0 7.00
Mean 3.84 3.78 5.30 7.0 7.04 7.57 7.57
—  Each figure is the mean of two ratings taken 9 days apart from either one or two replications. The 
rating is based on a 0 to 9 scale in order of increasing susceptibility. Cultivars are listed in 
order of increasing susceptibility.
— ^Isolates are identified in Table 1.
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the inheritance of resistance to sheath blight indicated that the 
difference in sheath blight infection between moderately resistant and 
very susceptible cultivars was due to as few as two or three pairs of 
genes in the host (44).
The isolates of R. solani belonging tQ AG-2, 3, and 4 were not 
virulent. Only a few lesions formed on the leaves of rice cultivars 
inoculated with an AG-1 Isolate obtained from pine (LR9473). The 
lesions on these cultivars exhibited dark, reddish-brown borders, 
typical of rice varieties showing a resistant reaction to rice isolates 
of R. solani (Fig. 17). Isolate LR9473 formed the perfect state, 
Thanatephorus cucumeris. on rice cultivars Nato and Saturn (Fig. 17).
The white hymenia were superficial and resembled hymenia found in the 
field on sorghum foliage (Fig. 8). The perfect state was not formed 
by any other isolate.
Virulence of single basidiospore isolates of R. solani from 
sorghum - The tests of virulence of R. solani isolates to rice culti­
vars had several purposes. The virulence of single basidiospore 
isolates of T. cucumeris obtained from sorghum to eight rice cultivars 
was compared with the virulence of LR172, a field isolate obtained 
from diseased rice. The isolate, LR172, had been used exclusively in 
Louisiana in extensive rice cultivar screening tests for resistance to 
sheath blight (34,44). Results from these experiments with different 
isolates determined whether or not the relative resistance and suscepti­
bility of rice cultivars, based on inoculation with LR172, was consis- 
ent and correlated with reactions obtained from inoculation with genet­
ically different basidiospore progeny. Results in other sections of 
this paper indicated that the fungus causing the sorghum sheath blight
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Figure 15. Polyethylene-covered chambers on greenhouse benches used to 
provide a high temperature and humidity environment for in­
fection of rice cultivars by R. solani.
Figure 16. Symptoms on rice varieties susceptible to sheath blight 
when inoculated in the greenhouse with a relatively 
non-virulent R. solani isolate belonging to AG-4 and 
obtained from a soybean seedling exhibiting damping-off 
symptoms. These symptoms were typical of sheath blight 
symptoms produced by a rice R. solani isolate on a very 
resistant variety.
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Figure 17. Symptoms on rice varieties susceptible to sheath blight 
when inoculated in the greenhouse with a relatively 
non-virulent isolate of R. solani (LR9473) which belongs 
to AG-1 but was obtained from a diseased pine seedling. 
The perfect state of this fungus is visible on the leaves 
as white powdery areas. Basidiospores of T. cucumeris 
were isolated from these hymenia. These symptoms were 
similar to sheath blight symptoms produced on a very 
resistant variety.
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Figure 18. Reaction of seven rice cultivars ranging from moderately
resistant to very susceptible when inoculated with a field 
isolate of R. solani obtained from diseased signal grass 
(LR16974). The cultivar appearing least susceptible is 
Tetep and the one next to it in the front row is Lebonnet. 
These cultivars reacted to isolate LR16974 in the same way 
that they reacted to R. solani isolate LR172 and other 
field isolates from rice.
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was the same pathogen causing sheath blight of rice. In the absence of 
the availability of single basidiospore cultures of JR. solani from 
sheath blighted rice, single basidiospore cultures obtained from 
hymenia on sorghum were used in tests of virulence to rice varieties.
Another purpose of this study was to use differences in virulence 
among single basidiospore isolates as a basis for investigating physio­
logical differences among isolates which may be contributing to path­
ogenesis. Accordingly, a virulence index was designated for each 
basidiospore isolate based on the mean disease ratings given to eight 
rice cultivars after inoculation with the isolate (Table 6 ).
Isolate LR172 was more virulent than any other isolate used in 
this test (Table 6 , and Fig. 19). By removing the disease pressure 
created by the humid, warm conditions in the greenhouse chambers, the 
progress of the disease could have been stopped at seven instead of 
nine days, when the disease ratings of rice cultivars inoculated with 
LF172 were similar to the ones determined by Hoff et. al (Table 2). 
However, due to the low level of virulence exhibited by the single 
basidiospore isolates, only very small differences would have been 
detected between the disease ratings of cultivars inoculated with those 
isolates. Therefore the disease was allowed to progress two days 
longer.
The field isolate obtained from sorghum (LR14675) was not as 
virulent as LR172 but more virulent than any of the single basidio­
spore isolates (Table 6 and Fig. 19). The low virulence found in the 
single basidiospore homokaryons suggested that high virulence in an 
isolate requires the presence of more than one kind of nucleus. This 
requirement is not unprecedented. In a study by Vest and Anderson (98),
)
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Figure 19. Reactions of eight rice cultivars to inoculation with R.
solani foliar-blighting field isolates from rice (LR172) 
and sorghum (LR14675) and with single basidiospore isolates 
(LR13175 and LR12975) from sorghum. LR172 and LR14675 were 
much more virulent than LR13175, LR12975, and other single 
basidiospore isolates. Varieties such as Lebonnet that 
were more susceptible to LR172 were also more susceptible 
to single basidiospore isolates such as LR12975.
Table 6 . Reactions of eight selected rice cultivars to Rhizoctonia solani isolates LR172, LR14675, and 12 
single basidiospore isolates.
Isolate— ^ Tetep
Cultivars and their 
Taducan Zenith Nato
--------------------- a-f-
mean disease rating—  
Saturn Starbonnet Lebonnet Dawn
Mean 
(Virulence Index)
LR172 8.25 7.83 7.83 8.50 8.67 8.50 8.33 8.50 8.30
LR14675 4.67 5.17 5.67 6.17 5.50 8.33 8.67 8.67 6.61
LR12775 3.83 4.50 5.17 6.67 5.67 7.50 7.50 8 . 0 0 6. 1 1
LR13175 3.0 3.67 4.33 5.33 4.50 5.33 7.00 6.67 4.98
LR12975 1.67 2.83 3.33 4.83 4.83 6.83 7.50 5.00 4.60
LR11975 3.83 4.17 3.33 4.50 4.50 4.67 5.33 5.33 4.46
LR13275 2.17 2.50 2.83 2.67 1.83 3.35 4.50 2.83 2.80
LR1847 2.33 2.50 2.50 2.67 2.83 3.83 2.67 2.83 2.77
LR13375 1.67 2.33 1.83 2.17 2.17 4.33 4.33 3.00 2.73
LR16075 3.00 1.50 2 . 0 0 2.50 2.67 2.50 2.83 2.50 2.44
LR13575 1.33 1.17 1.83 2.67 2 . 0 0 3.17 4.33 2.33 2.35
LR18175 1.67 1.83 2.33 2.33 2.17 3.33 2.50 2.33 2.31
LR15875 1.67 1.50 1.83 1.83 1.50 2.83 2.17 2.67 2 . 0 0
LR15975 1.33 1.17 1.17 1.50 1.17 1.83 2.17 1.67 1.50
Mean 2.89 3.05 3.28 3.88 3.57 4.75 4.99 4.45
The rating is based on a 0 to 9 scale in order of increasing susceptibility. Each number represents the 
mean of 12 determinations. Cultivars are listed in order of increasing susceptibility as determined 
by their reaction to LR172 in 1975 tests (34). Seedlings were inoculated 36 to 40 days after sowing.
—  Isolate LR172 and LR14675 were field isolates obtained from rice and sorghum. All other isolates were 
single basidiospore cultures obtained from T. cucumeris hymenia on sorghum.
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when low virulence single basidiospore homokaryons of R. solani from 
flax were paired and anastomosed successfully, the heterokaryons were 
formed usually as virulent or more virulent than either homokaryon 
and in some cases more virulent than the parent of the homokaryons.
The single basidiospore isolates varied in their virulence 
indices from 1.50 to 6.11 (Table 6 ). Three isolates with low 
virulence indices (LR15875, LR18175, and LR15975) could not be re­
isolated from lesions on foliage. All other isolates were recovered 
from diseased foliage and their cultural characteristics were similar 
to the original isolates. Comparisons of virulence index with growth, 
sclerotia production, toxin production, and other characteristics are 
given in Tables 22 and 23.
For each single basidiospore isolate at different levels of 
virulence, the rice cultivars seemed to be similar in susceptibility 
and resistance to rankings determined for LR172 by Hoff et al. (34)
(Fig. 20). For example, Lebonnet was the most susceptible cultivar 
to LR172 and was also the most susceptible cultivar to single 
basidiospore isolate LR12975, which had a low level of virulence. 
Cultivars moderately resistant to LR172 exhibited resistant-type lesions 
with wide brown margins and cultivars susceptible to LR172 exhibited 
susceptible-type lesions with narrow brown borders, irregardless of 
the isolate used. Coefficients of concordance (W) were therefore 
determined for the reaction of the rice cultivars to the single 
basidiospore and field isolates. W equaled 0.92 for the first 
evaluation (one day after removal of the humidity chamber) and 0 . 8 6  
for the second evaluatuon (nine days after removal of the humidity 
chamber) in both repetitions of this experiment. These values were
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Reaction of eight rice cultivars to five R. solani isolates
Figure 20. Response of eight rice cultivars to infection by single basidiospore isolates 
of R. solani obtained from hymenia on sorghum. Included are R. solani field 
isolates from sorghum (LR14675) and rice (LR172). Varieties designated one 
through eight are Tetep, Taducan, Zenith, Nato, Saturn, Starbonnet, Lebonnet, 
and Dawn. The rating is based on a 0 to 9 scale in order of increasing 
susceptibility. Varietal response with LR172 is taken from ratings given by 
Hoff et al (34) in 1975. Each rating represents the mean of 12 determinations.
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high, and the hypothesis of non-equivalence of ranks of the isolates 
by varieties was rejected at the 1% level. This suggested that the 
genes controlling resistance in rice cultivars were effective against 
different pathogen genotypes.
An analysis of variance of the data from the first and second 
evaluations (taken 9 days apart) in pooled data from both replications 
of this experiment is given in Tables 7 and 8 . Results from both 
evaluations showed highly significant differences between the 
virulence of isolates and the resistance or susceptibility of cultivars. 
However, as Tables 7 and 8 show, evaluations made 1 day and 9 days 
after removal of the humidity chamber were both characterized by a 
relatively high mean square for error and coefficient of variation.
As demonstrated by the highly significant differences between the two 
experiments, most of the error was due to the fact that the second 
experiment was conducted in July, when greenhouse temperatures were 
high and prevented maximum disease development. Masajo (44) has 
demonstrated that a large amount of the variability in disease reaction 
observed among individual plants inoculated with R. solani is due to 
environmental effects. In addition, the virulence of these single 
basidiospore isolates may have been adversely affected by the high 
temperature and humidity conditions that existed in the second 
experiment. The differences in environmental conditions between the 
first and second experiments caused significant differences in pooled 
data between experiment and variety, experiment and isolate, and 
isolate and variety in both evaluations. There were also significant 
differences between experiment and block in the first evaluation
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Table 7. Analysis of variance for the first greenhouse evaluation 
(one day after removing the humidity chamber) for sheath 
blight resistance of eight rice cultivars to two field 
isolates and 12 single basidiospore isolates of R. solani.
Source of 
variation df
Sum of 
squares
Mean
square F-value
Experiment 1 440.381 440.381 484.99**
Block 2 1.199 0.600 .6 6ns
Experiment* Block 2 18.146 9.073 9.99*
Isolate 13 2927.863 225.220 248.04**
Cultivar 7 196.042 28.006 30.84**
Isolate* Cultivar 91 196.042 28.006 2.70*
Experiment* Isolate 13 248.702 19.131 21.67**
2.77Block* Isolate 26 65.467 2.518
Experiment* Cultivar 7 18.000 2.571 2.83*
Block* Cultivar 
Residual (error)
14
495
7.967
449.470
0.569
0.908
.63ns
Total 671 4596.280 6.850
Mean = 3.59 C.V. (%) = 26.5
NS Nonsignificant 
* Significant at the 5% probability level 
** Significant at the 1% probability level
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Table 8 . Analysis of variance for the second greenhouse evaluation 
(9 days after removing the humidity chamber) for sheath 
blight of eight rice cultivars to two field isolates and 
12 single basidiospore isolates of R. solani.
Source of 
variation df
Sum of 
squares
Mean
square F-value
Experiment 1 136.621 136.621 140.10**
Block 2 3.652 1.626 1 .8 8 ®®
Experiment* Block 2 2.759 1.379 1.42NS
Isolate 13 2307.192 177.476, 183.16**
Cultivar 7 303.356 43.336 44.72**
Isolate* Cultivar 91 248.749 2.734 2.82*
Experiment* Isolate 13 267.275 20.560 2 1 .2 2**
Block* Isolate 26 40.223 1.547 1 .10NS
Experiment* Cultivar 7 51.939 7.420 7.66**
Block* Cultivar 14 20.729 1.480 1.53
Residual (error) 495 479.635 0.969
Total 671 3862.130 5.756
Mean =2.86 C.V. (%) = 34.39
NS Nonsignificant 
* Significant at the 5% probability level 
** Significant at the 1% probability level
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(Table 7). A  larger coefficient of variation in the second evaluation 
suggests that allowing rice foliage to dry in the greenhouse for 9 
days before rating disease reaction may obscure differences between 
isolates.
Cultural characteristics of selected single basidiospore isolates 
of R. solani from sorghum - The cultural characteristics of 6 8 single 
basidiospore isolates varied considerably. Data on variations in 
size of sclerotia, color of media, quantity of aerial mycelium, and 
growth are recorded, in Table 9. None of the isolates resembled 
cultures obtained from diseased sorghum foliage in all characteristics. 
The cultural characteristics of isolates obtained from diseased 
sorghum foliage were identical to R, solani isolates from diseased 
rice and soybean foliage.
Attempts to obtain the perfect states of R. solani and R. oryzae 
in vitro - Production of the perfect state by pathogenic fungi is 
important not only for taxonomic purposes, but also for comparisons 
of the cultural, physiological, and virulence characteristics of the 
progeny. Studies of this type can contribute to our knowledge of the 
physiology of host-parasite interactions. The perfect state of 
R. solani has been induced under natural conditions in the presence 
of soil or host, in artificial media, or in combinations of these. 
Whatever the method employed, most workers agree that induction of 
the perfect state is often infrequent and sporadic, and that many 
isolates of R. solani have never been Induced to fruit under any 
conditions (55, 80).
The perfect state of an aerial blighting R. solani has never been 
obtained in culture and has been infrequently observed in nature
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Table 9. Cultural characteristics exhibited by 68 single basidiospore 
isolates of R. solani incubated for 14 days on PDA at 28 C.
Cultural characteristic Number of cultures
Sclerotia
coalescing of many sclerotia into a large
Pmass up to 2. cm dia.
few per plate, large (6 to 1 0 mm) 5
small (< 1 mm) 2
flat, appressed to substrate surface 3
normal (1 to 6 mm), rounded on top 26
absent 26
^  /
Color of media-
white 16
gray-white 1
tan 11
brown 36
dark brown 4
Aerial mycelium
abundant (covers> % the plate) 7
moderate (covers< % the plate) 12
absent (mycelium grows on surface and into 49
medium)
Growth
very slow <  1 0 mm 11
slow <  90 mm, > 1 0  mm 8
normal >  90 mm 49
a /
—  Uninoculated PDA is nearly colorless, 
b/
All cultures were obtained from hymenia on sorghum.
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(28, 36). The perfect state of R. orvzae has never been described. 
Stretton et al (85) found that pathogenic isolates of T. cucumeris 
would fruit on soil but not on water or agar surfaces. Consequently 
in three of the methods used in these tests, sterile soil was used as 
a substrate.
None of the methods used were successful in inducing the perfect 
state of the foliar blighting R. solani isolates from rice and soybean 
or the R. orvzae isolates from rice. Hymenia were produced by both 
of the AG-1 test isolates in the first, experiment. On each slide 
about 30 small hymenial tufts produced basidiospores which germinated 
primarily by basidiospore repetition. Hymenia production in vitro 
by foliar blighting isolates of R. solani apparently require conditions 
other than those which have been successful for other _R. solani 
strains or the modifications reported here.
Anastomosis Relationships Among Rhizoctonia 
Isolates from Rice, Soybean, Sorghum, and 
Other Hosts Collected in Louisiana
There is considerable potential for variation in Rhizoctonia 
species through a number of mechanisms including recombination, 
mutation, and heterokaryosis (27, 28). According to Parmeter et al 
(63), it is unknown to what extent these mechanisms operate in nature 
to affect such things as virulence, saprophytic growth, survival, and 
fungicide tolerance. The most recent and probably best genetically 
defined method of distinguishing between Rhizoctonia solani 
populations is to sub-divide them into distinct groups based on the 
ability of isolates to anastomose with members of its own group (63).
As an understanding of the biology of Rhizoctonia is essential for
attempting to define these mechanisms* the anastomosis grouping of 
field collected isolates of R. orvzae from rice and R. solani from 
various hosts were examined to determine whether or not distinct 
Rhizoctonia anastomosis groupings were responsible for inciting the 
foliage blights on rice* soybean* and sorghum in Louisiana. Two sets 
of test isolates representing the four anastomosis groups previously 
determined in other laboratories were paired against each other and 
were found to indeed represent four distinct anastomosis groups 
(Table 10). When thirteen isolates of R. solani obtained from 
blighted rice leaf or sheath tissue were tested, they anastomosed 
only with AG-1 (Table 10). The isolates used in this test were 
collected from six different rice varieties growing in four Louisiana 
parishes. The origin of these isolates and other R. solani isolates 
used in anastomosis tests is given in Table 1. When three isolates 
of R. solani from aerial blighted soybean tissues were paired with 
test isolates as well as with rice and weed host isolates* the soybean 
isolates anastomosed only with the AG-1 test isolates (Table 11). The 
soybean isolates belonged to the same AG as isolates obtained from 
blighted signalgrass (Panicum dichotomiflorum Michx.)* "Coastal" 
Bermudagrass (Cynodon dactylon (L.) Pers.)* barnyardgrass (Echinochloa 
colonum (L.) Link.)* and red rice (Oryza sativa L.) collected in 
Louisiana. Except for "Coastal" Bermudagrass* these weed hosts are 
commonly found in and around rice and soybean fields. R. solani 
isolates obtained from diseased soybean seedlings* cotton seedlings* 
pepper seedlings* and lettuce stems were distinct from foliar blighting 
isolates and belonged to AG-4 (Table 12). Three R. solani isolates
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Table 10. Anastomosis reaction of foliar-bllghting Rhizoctonia solani 
isolates from rice.
Test isolate Rice or test isolate Anastomosis reaction
AG-IA-^ X AG-IB +
AG-2A X AG-2B +
AG-3A X AG-3B +
AG-4A X AG-4B b / 
LR172 (Vista, Jeff. Davis)”
+
AG-1A X +
AG-1B X LR172 +
AG-2 A X LR172 -
AG-2B X LR172 -
AG-3 A X LR172 -
AG-3B X LR172 -
AG-4A X LR172 -
AG-4B X LR172 -
AG-1A X LR2572 (Bluebelle, Vermillion) +
AG-1A X LR6072 (Saturn, Acadia) +
AG-1A X LR1372 (Starbonnet, Evangeline) +
AG-1A X LR2472 (Bluebelle, Vermillion) +
AG-1A X LR17974 (Starbonnet, Evangeline) +
AG-lA X LR15774 (Nato, Vermillion) +
AG-1A X LR6372 (Labelie, Jeff. Davis) +
AG-lA X LR15374 (Starbonnet, Acadia) +
AG-lA X LR17174 (Saturn, Jeff. Davis) +
AG-lA X LR17574 (Saturn, Evangeline) +
AG-lA X LR18274 (Vista, Jeff. Davis) +
AG-lA X LR18374 (Starbonnet, Evangeline) +
—  k  and B are anastomosis group test isolates identified in Table 3.
— ^Isolates were collected from the parishes and rice cultivars 
indicated and are identified in Table 1.
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Table 11. Anastomosis reaction of R. solani Isolates from foliar 
blighted soybeans.
Test isolate^
Soybean isolate anastomosis reactionii/
LR3472 LR6173 LR19575
AG-lA + + +
AG-IB + + +
AG-2A - - -
AG-2B - - -
AG-3A - - -
AG-3B - - -
AG-4A - - -
AG-4B b/ - - -
LR172 (Vista rice) + + +
LR15774 (Nato rice) + + +
LR8473 (Bluebelle rice) + + +
LR6172 (Starbonnet rice) + + +
LR16974 (signalgrass) + + +
LR20075 (coastal bermudagrass) + + +
LR19975 (barnyardgrass) + + +
LR18174 (red rice) + + +
— and B are anastomosis group test isolates identified in Table 3.
Isolates were obtained from the hosts indicated and are identified 
in Table 1.
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Table 12. Anastomosis reaction of R. solani isolates from seedling, 
stem, and root tissues.
Anastomosis
Isolate____________Host____________ Isolate___________________ raction
S75 soybean seedling X AG-IA^ -
S75 soybean seedling X AG-IB -
S75 soybean seedling X AG-4A +
S75 soybean seedling X AG-4B +
P75 pepper seedling X AG-lA -
P75 pepper seedling X AG-4A +
A75 lettuce stem X AG-4A +
SCI cotton seedling X AG-4A +
S75 soybean seedling X P75 pepper seedling +
a/
~  A and B are anastomosis group test isolates identified in Table 3.
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obtained from foliar blighted sorghum collected in LA belonged to 
AG-1 (Table 13). These results suggest that the same population of 
R. solani in Louisiana that causes sheath blight of rice also causes 
foliar blights on soybean and sorghum. Preliminary reports of this 
investigation have been published (56, 57, 58).
R. orvzae causes a sheath blight on rice very similar to that 
caused by R. solani (6 , 60). The AG relationships of R. orvzae 
isolates obtained from diseased rice tissue to each other and to 
R. solani isolates had not previously been investigated. When eight 
morphologically distinct isolates of R. orvzae were opposed in all 
combinations, anastomoses were abundant in every pairing. The 
R. orvzae isolates appeared to be closely related and to form one 
anastomosis group. When three R. orvzae isolates were paired with 
the R. solani tester isolates they did not anastomose. Also no 
anastomoses were formed with R. solani isolates from blighted rice 
or soybean tissues.
An unusual interaction was observed between pairings of R. solani 
and R. orvzae. The R. orvzae mycelium was observed to coil around and 
penetrate R. solani mycelium (Fig. 21). Many of the R. solani cells 
in contact with R. orvzae became vacuolated and died. Although this 
contact and cell killing can be considered anastomosis according to 
the definition provided by Parmeter et al (63), it is typical of the 
parasitic activity of some mycoparasites. According to Butler (18), 
even R. solani attacks a number of fungi by penetrating their aerial 
hyphae and establishing an internal parasitic mycelium, by coiling 
around their aerial hyphae, or by a combination of both.
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Table 13. Anastomosis relationships among R. solani isolates from 
foliar blighted sorghum and other hosts.
Isolate Host
a/
Test or other isolate-
Anastomosis
reaction
LR14675 (Funk G-516) AG-1 (9473) +
LR14675 AG-2 (8874) -
LR14675 AG-3 (9673) -
LR14675 AG-4 (9773) -
LR14675 LR172 (rice) +
LR14675 LR6173 (soybean) +
LR14675 LR16974 (signalgrass) +
LR14675 LR20075 (coastal bermudagrass) +
LR1476 (Rio) AG-1 +
LR1576 (Ramada) AG-1 +
a/Refer to tables 1 and 3 for isolate identification.
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The apparent antagonism of R. orvzae to JR. solani was demonstrated 
further by pairings of R. solani and R. orvzae on charcoal PDA. After 
growing together for two weeks, only JR. orvzae could be reisolated 
from the medium (Fig. 22). It should also be noted that while many 
collections were made of R. solani and JR. orvzae. the two fungi were 
never isolated from the same diseased rice plant.
A preliminary report on this interaction concluded that R. orvzae 
interferes with the normal growth of the R. solani causing sheath 
blight of rice and may be a mycoparasite (76).
Ryperparasitism of R. solani has been reported for other soil- 
inhabiting fungi, including Trichoderma lingorum Pers. ex Fr. (104), 
Papulospora sp. Preuss. (99), and Penicillium vermiculatum Dang. (16). 
However it has not been determined whether hyperparasites in natural 
soils actually reduce growth of JR. solani. R. solani has been 
reported as a hyperparasite on other fungi commonly found as soil 
saprophytes (18). The results of these R. solani-R. orvzae interaction 
experiments suggest that R. orvzae may play a role in reducing the 
amount of R. solani inoculum under field conditions. Before the 
effect of R. orvzae on R. solani can be adequately assessed, however, 
the activities of these fungi need to be evaluated in natural soil 
environments. The importance of the microecological factors in soil 
influencing saprophytic or parasitic growth of Rhizoctonia species 
needs to be thoroughly explored as a necessary prelude to specific 
control measures for diseases caused by these soil inhabiting fungi.
Figure 21. R. oryzae mycelium coiling around and penetrating into R.
solani mycelium after incubation for 2 days on glass slides 
coated with FDA.
Figure 22. Sclerotia and mycelium of R. oryzae after R. solani and R.
oryzae were incubated together for 2 weeks on charcoal-FDA 
plates. R. solani could not be re-isolated from this plate.
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Toxin Production by R. solani Isolates
Bioassay techniques - The Interest in the possibility that toxins 
play a role in development of the sheath blight disease is fostered by 
the type of symptoms exhibited during disease development. The early 
phases of pathogenesis are characterized by water soaking and 
discoloration of leaves and sheath dells at a lesion site. These 
bioassays were designed to test the ability of purported Rhizoctonia 
toxins to stimulate disease symptom formation in the absence of the 
fungus. In addition a bloassay was designed for use in comparative 
studies between toxin-producing isolates. Another objective was to 
determine if moderately resistant and susceptible varieties react 
differentially to the toxins.
In Bioassay I, leaves treated by puncturing and soaking in test 
solutions were examined using a dissecting microscope. Symptoms 
in all treatments except for the control appeared around the punctures 
as chlorotic or grayish green water-soaked spots which became 
progressively larger with time and eventually turned brown. No 
browing or water soaking was apparent around the stippled areas of 
control leaf segments. Data from three experiments using this 
technique were recorded in Table 14 as the percent of Dawn or Zenith 
leaf segments with brown symptoms following a 48 h treatment. MHPAA 
appears to be more toxic than PAA to both varieties of rice at 100 ppm 
and less toxic at 50 ppm. More Zenith than Dawn leaves exhibited 
browning to the toxins at 50 ppm. Ten ppm of either toxin was not 
sufficient to produce symptoms in this assay.
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Table 14. Percent of Dawn or Zenith rice leaves with browning around 
punctures following a 48 h treatment with PAA or mHPAA.— '
Percent of leaves with browning
Dawn  Zenith
Treatment (ppm) 10 50 J.00 10 50 1 0 0
PPA 58 42 0 92 39
mHPAA 0 33 1 0 0 0 56 1 0 0
water 0 0 0 0 0 0
Leaves were punctured with very small insect pens immediately 
before exposure to toxins.
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In preliminary experiments with fungal filtrates using the 
technique described for Bioassay II, Dawn leaves curled and became 
chlorotic or brown along the leaf midveins. However, microbial 
contamination of the filtrates caused variability in leaf response 
and prevented quantitation of the results. Reliable results were 
obtained when the effect of commercially prepared PAA and mHPAA toxins 
was tested. Both toxins caused symptoms on both rice varieties at 
50 and 100 ppm (Table 15). Leaves in mHPAA solutions exhibited no 
curling and also differed from PAA treated leaves by exhibiting 
light brown streaks parallel to the midvein in addition to chlorotic 
streaks. The lengths of the chlorotic streaks in leaves treated with 
PAA were always longer than in leaves treated with mHPAA. Zenith 
exhibited longer chlorotic streaks than Dawn in all cases.
It appears that the effects of these two toxins are different and 
that Zenith reacts more visibly than Dawn in both leaf bioassays I 
and II. This was of considerable interest as the variety Dawn is 
much more susceptible to sheath blight than Zenith. The severity of 
the reaction to fungal filtrates and toxins was the reverse of the 
reaction of these varieties to sheath blight.
The data from Bioassay III in Table 16 suggest that part of the 
inhibitory activity is lost after autoclaving. There is also an 
ether extractable inhibitory element in fungal filtrates from R. solani 
which cannot be removed by autoclaving. This is evidence that there 
is a toxic element in culture filtrates that is non-enzymatic and 
soluble in ether. In preliminary experiments, PAA and mHPAA were not 
inactivated by boiling. At 100 ppm, PAA and mHPAA completely inhibited
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Table 15. Lengths of chlorotic streaks forming in Dawn and Zenith 
leaves after a 24 h treatment with PAA and mHPAA.— '
Length of chlorotic streak (mm)
Dawn Zenith
Treatment (ppm) 10 50 1 0 0 10 50 100
PPA & 25 35 0 38 55
mHPAA 0 18 15 0 19 17
water 0 0 0 0 0 0
”  Cut ends of rice leaves from 30-day-old plants placed into solutions, 
b/
“  Each figure represents the mean of 12 leaves from two experiments.
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Table 16. Percent germination of rice seeds after treatment for 
5 days with toxins or culture filtrates of R. solani.— '
Treatment % germination
b I
autoclaved filtrate— 50
c /
filter-sterilized filtrate- 13
ether extracted filtrate^ 67
100 ppm PAA 0
100 ppm mHPAA 0
distilled water 87
— ^Each treatment consisted of 10 surface sterilized seeds in 10 ml 
test solution.
Filtrate from R. solani cultured in Richards media for 30 days 
was autoclaved 20 min at 15 psi.
— ^Filtrate was filtered through a .2 pm Millipore filter.
— ^Filtrate was partitioned with 3 x 1/3 vol ether.
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germination. The HgCl prevented contamination by microorganisms, a 
problem inherent in the previous leaf assays.
Root production in the variety Zenith was severely inhibited in 
the treatment where seeds were treated with mHPAA or PAA at all 
concentrations used (Fig. 23). Shoot production was less severely 
inhibited. PAA appeared to be more effective than mHPAA in its 
ability to inhibit root and shoot development.
Data from the test using the variety Dawn were not reported 
because of poor germination in the control seeds. In addition the 
root and shoot lengths of seedlings in the Zenith control treatment 
should have been longer than they were after 5 days. It was suspected 
that in addition to inhibiting the growth of microoganisms, HgCl had 
an inhibitory effect on seed germination.
The water soaking symptom which occurred in the leaf bioassays 
was considered to be an indication of damage to cell membranes. The 
fungal filtrates and toxin solutions used in the previous bioassays 
may be altering membrane permeability. Because many fungal toxins 
which have been implicated in plant pathogenesis have been shown to 
cause increased membrane permeability, an experiment was designed to 
measure the ability of PAA and mHPAA to cause membrane damage.
The data from Bioassay IV in Table 17 show that PAA and mHPAA 
cause significant electrolyte leakage at 1 0 0 ppm and at 1 0 0 and 10 
ppm, respectively. The evidence suggests that if these toxins are 
released by R. solani during pathogenesis» mHPAA may be more effective 
in its toxic action than PAA.
Data from the bioassay experiments of PAA and mHPAA indicated 
that root growth inhibition of rice seedling occurs at PAA and mHPAA
Sh
oo
t 
or 
ro
ot
 
le
ng
th
 
(m
m)
107
20
 •- - - • mHPAA, root
o-.-o mHPAA, shoot
 •-- • PAA, root
o- - - o PAA, shoot
10
5
0
PAA and mHPAA concentration (Mg/ml)
Figure 23. Inhibition of root and shoot development of Zenith 
rice seeds following toxin treatment for 5 days. 
Each point represents the mean of 20 measurements.
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Table 17. Leakage of electrolytes by leaf sections of rice treated 
with different concentrations of mHPAA and PAA for a 
1 h period.
Toxin
(ppm)
Hours after 
treatment
Conductivity (pmhos)ji/ 
PAA mHPAA
1 0 0 0 15.00 a 8.75
2 17.50 10.70
4 19.00 a 10.25 a
10 0 4.70 10.75
2 5.50 13.00
4 7.00 b 13.15 a
1 0 3.40 5.20
2 5.63 6. 1 0
4 5.70 b 6.75 b
0 0 5.50 5.50
2 6.75 6.75
4 6.55 b 6.55 b
-  Each figure represents the mean of three replications. Means in 
each column which are followed by a letter in common do not differ 
significantly at the .05 level of probability.
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concentrations of 10”"*M or jnore (Fig. 24). When germinated rice 
seeds are Incubated In PAA and mHPAA at concentrations greater than
5 X 10 S  and 10 ^M, root growth is completely Inhibited. Growth of 
rice roots is stimulated slightly by 10 "’m  PAA but not by mHPAA. This 
stimulation is an indication of the auxin-like properties of PAA
(1, 29). Concentrations of less than 5 X  10 ^ PAA and mHPAA are not
inhibitory to leaf growth of rice seedlings. PAA and mHPAA inhibited
growth of rice seedlings at approximately the same concentrations.
Shoot growth was inhibited only at the higher concentrations tested.
Egawa et al (23) extracted PAA from culture filtrates of X.
oryzae and found that PAA inhibited the growth of rice seedling roots
—5
at concentrations from 10 to 100 pg/ml (approximately 6 X 10 to
6 X 10 ^M) and began to inhibit rice seedling shoots at 100 pg/ml. 
Purushothaman and Prasad (6 6 ) subsequently found a toxin in culture 
filtrates of X. orvzae which appeared phenolic in nature. This 
partially purified compound inhibited root growth of rice seedlings 
at 500 pg/ml (approximately 3.5 X 10 M). The results of the rice 
seedling bioassay (Fig. 24) agreed with the observations of Egawa
et al and Purushothaman and Prasad. A comparison of the results in 
Fig. 23 and 24 indicates that the inhibition of pre-germinated root 
and shoot seedling growth took place over a much wider range of toxin 
concentrations than the inhibition of growth of seeds germinated in 
toxins.
Culture filtrates of R. solani isolates LR172 and LR14675 were 
bioassayed for toxicity to pre-germinated rice seedlings. LR172 is a 
field isolate of R. solani obtained from diseased rice foliage.
LR14675 was isolated from sorghum leaves containing hymenia of
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Figure 24. Inhibition of shoot and root growth of pre- 
germinated rice seeds incubated in solutions 
of PAA and mHPAA for 79 h.
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Thanatephorus cucumeris. The cultural characteristics of these 
Isolates are Identical on PDA. In greenhouse tests both were equally 
virulent on susceptible sorghum and rice varieties. Mean dry weights 
of 1.80 g and 1.76 g were obtained for LR172 and LR14675, respectively, 
after 30 days incubation in liquid media. Bioassays of R. solani 
culture filtrates from LR172 and LR14675 gave nearly identical 
reactions (Fig. 25). Culture filtrate concentrations of 100% and 50% 
from both isolates completely inhibited root and shoot growth. 
Concentrations of 25% were slightly inhibitory to root and shoot 
growth. Shoot growth was stimulated by culture filtrates of both 
isolates at concentrations of 12.5 and 2.25%. Root growth was 
stimulated by a 6.25% concentration of LR14675 culture filtrate and 
by a 6.25 and 12.5% concentration of LR172 culture filtrate.
The stimulation of root and shoot growth in SDW diluted with 
small amounts of culture filtrates may be a consequence of nutrients 
in the media or IAA or other auxins produced in the culture filtrate 
by R. solani (1, 29). This data indicated that culture filtrates 
from both LR172 and LR14675 were more inhibitory to root growth than 
shoot growth and that the degree of inhibition by culture filtrates 
from both isolates was similar.
Separation and identification of toxins - The purpose of these 
experiments was to separate PAA and its isomers from culture filtrates 
of R. solani, detect and identify the toxins, and to monitor the 
efficiency of toxin extraction.procedures.
In one experiment commercially prepared hydroxy- isomers of PAA 
were separated and detected by TLC, and fractions obtained during 
extraction of R. solani filtrates were tested for presence of toxins.
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Figure 25. Inhibition of shoot and root growth of rice 
seeds germinated in culture filtrates of 
R. solani isolates LR172 and LR14675 for 
75 h.
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The appropriate concentrations of test samples were determined in 
preliminary experiments. The results in Table 18 Indicated that the 
Folin-Clocalteau reagent can detect the hydroxy-isomers of PAA in
i
quantities as low as 0.5 jig. However, this system cannot detect PAA. 
Preliminary tests indicated that PAA could not be detected with FeCl, 
Nitrosonaphthol, or TCQ reagents. The data in Table 18 also shows 
that the developer BDA separates oHPAA but not mHPAA from pHPAA well 
enough to determine their presence in unknown samples. Compounds 
located at Rf .46 were not lost when culture filtrates of R. solani 
were boiled. The compounds were extracted into ether (fraction B) 
from acidified filtrate and were not retained in the water fraction 
(fraction A). The compounds were not present in fraction C after 
fraction B was extracted with 7% HaHCO^. Six spots were present after 
chromatography of fraction B.
This experiment was repeated using other developer solvents 
including BPDW, LAW, and BDA in unsuccessful attempts to separate 
mHPAA and pHPAA on thin layer plates.
When plates developed with IAW were sprayed with bromocresol 
green (BCG) reagent, PAA could be detected as a yellow spot (Table 19). 
Other spots were detected when plates were over-sprayed with the 
Folin-Ciocalteau reagent. Seven spots were detected from fraction B 
using this system. For best color development the plates were allowed 
to dry completely between sprays. The results indicated that PAA is 
produced by R. solani and is not lost during the initial steps of the 
toxin extraction scheme.
This experiment was repeated using the TCQ reagent for detection 
of toxins. This reagent detected pHPAA as a faint gray spot and mHPAA
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Table 18. Thin-layer chromatography in BDA developer of toxins and
fractions from the extraction of R. solani culture filtrates.
Test sample Rf x 100
Color with 
Folin-Ciocalteau reagent
oHPAA (.5 jug) 51 purple-green
mHPAA (.5 pg) 47 purple-blue
pHPAA (.5 pg) 46 purple-blue
mHPAA +  pHPAA (1 pg) 45 purple-blue
PAA (1.0 pg) - -
a /
Fraction B (ether) 46 purple-blue
Fraction A (water) - -
Fraction C (ether) - -
a /
— ' Fractions were obtained from culture filtrates of R. solani 
according to the procedure in Fig. 28.
115
Table 19. Thin-layer chromatography in IAW developer of toxins and
fractions from the extraction of R. solani culture filtrates.
Test sample Rf x 100
Color with 
BCG
Color with 
Folin-Ciocalteau
oHPAA (.5 pg) 64 faint blue purple
mHPAA (.5 pg) 47 faint blue purple
pHPAA (.5 pg) 46 faint blue purple
PAA (.5 pg) 58 faint yellow -
PAA (1.5 pg) 59 yellow -
a/
Fraction B (ether) 45 faint blue purple
57 yellow -
Fraction A (water) - - -
Fraction C (ether) - - -
Fractions were obtained from culture filtrates of R. solani 
according to the procedure in Fig. 28.
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and oHPAA as dark blue spots. Spots from ether fraction B appeared 
dark blue, Indicating that at least mHPAA was present and was 
produced by R. solani.
A comparison of Rfs in Tables 18 and 19 suggests that 1AW was 
a better solvent for separation of the PAA related compounds than 
BDA.
In order to obtain discrete round spots with little tailing or 
streaking in chromatograms of R. solani extracts, it was necessary to 
pre-develop plates in the separation solvent, equilibrate the solvent 
in chromatography tanks overnight, and to carry out all steps of the 
extraction scheme outlined in Fig. 28. However, these procedures 
were not adequate for complete separation of mHPAA and pHPAA by the 
solvent systems used.
Separation of mHPAA and pHPAA isomers was facilitated when these 
toxins were chromatographed on chromatography paper which had a longer 
separation distance than TLC plates. In one experiment developed 
papers were dryed and sprayed with the TCQ detection reagent followed 
by the Folin-Ciocalteau reagent. Both pHPAA and mHPAA were distin­
guished by both color and Rf using this technique (Table 20). When 
toxins from the extraction of filtrates of R. solani cultured on 
modified Richards media for 30 days were developed and sprayed with 
the TCQ reagent, a blue spot corresponding to the Rf of mHPAA was 
visible. When the paper was over-sprayed with the Folin-Ciocalteau 
reagent no spot was evident at Rfs corresponding to pHPAA. This 
suggests that mHPAA and not pHPAA was produced by R. solani cultured 
in modified Richards media.
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Table 20. Paper chromatography of toxins and fractions from the 
extraction of R. solani culture filtrates.
Test sample Rf x 1 0 0 ^
Color with 
TCO
Color with 
Folin-C iocalteau
oHPAA (2 pg) 75.7 blue purple
mHPAA (2 pg) 53.9 blue purple
pHPAA (2 pg) 49.2 gray purple
mHPAA +  pHPAA (4 pg) 53.5 blue purple
48.1 gray purple
Fraction B (ether)li/ 53.1 blue purple
~  Paper was developed descendlngly with IAW.
— ^The fraction was obtained from culture filtrates of R. solani 
according to the procedure in Fig. 28.
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Rfs of commercially prepared toxins and toxins from R. solani 
extracts taken from rice seed : rice-hull media are recorded in 
Table 21. The results demonstrate that R. solani produced PAA and 
mHPAA but not pHPAA when incubated on rice seed : rice-hull media.
It should be noted that larger and more intensely colored spots were 
exhibited by 40-day-old extracts than by 20- or 30-day-old culture 
extracts. This was a preliminary indication of a positive correlation 
between toxin production and age of culture.
Standard extinction curves for PAA and mHPAA are given in 
Figures 26 and 27. The absorbances of PAA and mHPAA which had been 
chromatographed on paper were 0.16 and 0.32. When corrected for 
dilution factors these absorbances correspond to 995 and 98 jig/ml.
PAA and mHPAA moved as single compounds in BAW, BFW, LAW, BPDW, 
and BDA. Only two spots were detected on these chromatograms when 
visualized with BCG followed by the Folin-Ciocalteau or TCQ reagents. 
Detection with xylose-aniline or ribose-aniline followed by p- 
nitrobenzenediazonium fluoroborate or the Folin-Ciocalteau reagent 
also failed to detect more than two spots. In all cases the 
commercially prepared toxins co-chromatographed with PAA and mHPAA. 
These results indicated that only one compound was present in 
chromatograms of R. solani extracts at Rfs corresponding to Rfs of 
commercially prepared PAA and mHPAA.
Results from these experiments demonstrated that R. solani 
produced detectable quantities of mHPAA and PAA in Richards media and 
in rice seed : rice-hull media. No pHPAA or oHPAA were detected.
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Table 21. Paper chromatography of toxins and fractions extracted 
from culture filtrates of R. solani incubated on rice 
seed:rice-hull medium for 20, 30, and 40 days.
Test sample Rf x 1 0 0 ^
Color with 
BCG
Color with 
Folin-Ciocalteau
oHPAA (2 pg) 74.8 - purple
mHPAA (2 pg) 54.4 - purple
pHPAA (2 pg) 47.5 - purple
PAA (10 pg) 65.4 yellow -
b/
20 day extract” 55.3 - purple
65.0 yellow -
30 day extract 55.0 - purple
64.4 yellow -
40 day extract 55.0 - purple
63.9 yellow
—  Paper was developed descendingly with I AW.
—  Fractions were obtained from culture filtrates of R. solani 
according to the procedure in Fig. 28.
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Figure 26. Extinction curve of commercially prepared PAA 
in 95% ETOH used to determine the quantity of 
PAA present in extracts from El. solani culture 
filtrates.
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Figure 27. Extinction curve of mHPAA used to determine the 
quantity of mHPAA in extracts from R. solani 
culture filtrates. The mHPAA was dissolved in 
water and the color developed with Na2C0 and 
Folin-Ciocalteau reagent.
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A water
C ether
E water
1 0 0 ml filtrate
adjust to pH 3.0 with HCl 
acidified filtrate
extract with 4X% vol ether 
B ether
extract with 4X% vol TU NaHCOg 
D water extract
adjust to pH 2.0 with HCl 
acidified water extract
extract with 3X1/3 vol ether 
F ether
dry with NaSO^ (anhydrous) 
evaporate under vacuum at 40 C
toxin
plus
residue
Fig. 28. Procedure for extraction of toxins from culture filtrates of 
R. solani.
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These results contrast with those of Chen (20), who found that an 
Isolate of Hvpochnus sasakll causing sheath blight produced pHPAA. 
These experiments also demonstrated that the presence of PAA and mHPAA 
can be determined quantitatively.
Toxin production of R. solani in liquid media - Factors involved 
in symptom development and pathogenesis have to operate during and 
soon after infection. With sheath blight, for example, lesions are 
formed and delimited within two to three days. One purpose of this 
experiment was to determine how rapidly the toxins produced by R. 
solani are formed. Experimental results in Fig. 29 demonstrate that 
the growth of R. solani and the age of the culture was positively 
correlated with the toxicity of culture filtrates diluted 1:3 with 
SDW. It seems unlikely that toxic compounds found in 20 to 45 day 
old culture filtrates would be involved in pathogenesis. The pos­
sibility exists, however, that this in vitro experiment was not 
indicative of the time of toxin production by R. solani during 
pathogenesis.
Filtrate toxicity also increased with the pH of the filtrate 
(Fig. 30). An increase in the pH of the culture filtrate could not 
be responsible for inhibiting rice root growth because in preliminary 
experiments rice grew well over a range of pH 4.5 to 8.0. The 
simultaneous increase in filtrate toxicity and growth of the fungus 
suggests that the.toxic compounds in the filtrate are metabolic by­
products of the fungus.
PAA was detected in culture filtrates of R. solani isolate 
LR172 after five days (Fig. 31). Meta-hydroxyphenylacetic acid was
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Figure 29. Changes in filtrate toxicity to germinating 
rice seeds and growth of R. solani in liquid 
culture following incubation periods of 0 to 
45 days.
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Figure 30. Toxicity of germinating seeds and pH of 
culture filtrates of R. solani incubated 
in liquid media for 0 to 45 days.
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Figure 31. Production of PAA and mHPAA by R. solani incubated in 
liquid media for 0 to 45 days.
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detected five days later, which supports research suggesting that.FAA 
Is a precursor of pHPAA and mHPAA (42,5$. Maximum production of PAA 
and mHPAA In liquid media occurred after 25 and 30 days Incubation.
The toxicity of culture filtrates was almost at maximum during this 
period (Fig. 29). However, the presence of PAA and mHPAA declined 
rapidly after 25 and 30 days, while filtrate toxicity continued to 
Increase slightly. This suggests that PAA and mHPAA are being 
metabolized to other compounds and that R. solani culture filtrates 
contain toxic substances In addition to PAA and mHPAA. It was possible 
that PAA and mHPAA were being oxidized to 2,5-dihydroxyphenylacetic 
acid, a compound which in known to be produced from PAA by 
Pseudomonas fluorescens and other microorganisms. The presence or 
toxicity of this compound in R. solani culture filtrates was not 
determined.
The production of sclerotia and changes in filtrate color were 
also monitored in these experiments. Abundant light brown sclerotia 
covering about 1 / 4 of the media surface were produced in all flasks 
by 10 days. After 15 days, the sclerotia completely covered the 
surface of the media and were dark brown. The culture filtrate color 
changed from colorless to dark brown during incubation. At 15 days 
the media was light brown. The color became progressively darker 
until a very dark brown color was reached at 20 to 25 days.
PAA and mHPAA production by single basidiospore isolats of 
R. solani in culture - The virulence index was compared to culture 
filtrate toxicity, toxin production, and cultural characteristics 
of R. solani field isolates from rice (LR172) and sorghum (LR14675) 
and 12 single basidiospore isolates from sorghum. The isolates with
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their cultural characteristics are listed in Tables 22 and 23 in order 
of their virulence index (determined in Table 6 ). One purpose of these 
comparisons was to determine if toxin production by R. solani isolates 
is correlated with virulence. Production of mHPAA and PAA by R. 
solani isolates was highly correlated with their virulence (Fig. 32).
In addition, the toxicity of diluted culture filtrates was significantly 
correlated with virulence (Fig. 33). This suggests that toxins play a 
role in pathogenesis. The fact that the growth rate of R. solani 
isolates was not highly correlated with production of mHPAA and PAA 
but was highly correlated with filtrate toxicity, suggests that there 
may be toxic compounds in culture filtrates in addition to mHPAA and 
PAA (Figures 34 and 35). This observation was further substantiated 
by the low correlation between filtrate toxicity and toxin production 
(Fig. 36).
A significant correlation was found between growth of the isolates 
and their virulence. This suggested that fast growing isolates of 
R. solani should be more virulent than slow growing isolates (Fig.35). 
Isolates producing sclerotia, no aerial mycelium, and dark pigmentation 
in culture media tended to be more virulent than isolates not possessing 
these characteristics (Table 22, 23). Akai et al (2), working with 
isolates of P. filamentosa. also reported that isolates with low 
pathogenicity showed poor mycelial growth, while the pathogenic 
isolates showed rapid growth. Tu (92) observed that strains with 
slight aerial mycelium were more virulent.
Effect of PAA, mHPAA. and R. solani culture filtrate on eight 
rice cultivars - The rice varieties did not react visibly to mHPAA or 
PAA at either concentration. Both full strength and half strength
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Figure 32. Quantities of PAA and mHPAA in culture filtrates from 12 single basidiospore 
isolates and two field isolates of R. solani and the virulence index of the 
isolates. The virulence index of each isolate is the mean of the disease 
ratings from eight rice cultivars inoculated with the isolate. Culture filtrates 
were obtained from 30 day old cultures of isolates incubated in Richards media.
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Figure 33. The virulence index of 14 single basidiospore 
isolates and two field isolates of R. solani 
and the toxicity of their culture filtrates to 
rice seedlings. The virulence index of each 
isolate is the mean of the disease ratings 
from eight rice cultivars after inoculation 
with the isolate. Culture filtrates were 
obtained from 30-day-old cultures of isolates 
incubated in Richards media.
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Figure 34. Quantities of PAA and mHPAA in culture filtrates from 12 single basidiospore isolates 
and two field isolates of R. solani and the growth of the isolates after incubation 
in Richards media for 30 days.
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Figure 35. Virulence index, culture filtrate toxicity, and growth of 12 single basidiospore 
isolates and two field isolates of R. solani. The virulence index of each iso­
late is the mean of the disease ratings from eight rice cultivars inoculated 
with the isolate. Culture filtrates were tested for toxicity to rice seedling 
roots. R. solani mycelium and culture filtrates were obtained after incubation 
in Richards media.
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Figure 36. Quantities of PAA and mHPAA in culture filtrates from 12 single basidiospore 
isolates and two field isolates of R. solani and the toxicity of the culture 
filtrates to rice seedlings. Culture filtrates were obtained from 30-day-old 
cultures of isolates incubated in Richards media.
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Table 22. Cultural characteristics of R. solani field isolates from rice (LR172) and sorghum (LR14675) and 
1 2 single basidiospore isolates used for determinations of toxin production.
Isolate
3/Growth—
(g)
Colony , . 
diameter— 
(mm)
Aerial cj 
myceliunr-
Sclerotia
production
Pigmentation 
of medial./
pH of 
media
LR172 1.54 90.0 0 + 3 6 . 2
LR14675 1.76 75.2 0 + 4 6.4
LR12775 1.87 54.8 0 + 5 6.5
LR13175 1.93 58.2 0 + 3 7.1
LR12975 1.53 60.3 4 + 5 6 . 8
LR11975 1.59 57.8 1 - 2 6.5
LR13275 1.79 49.1 3 - 2 7.2
LR18475 .29 33.1 3 - 1 5.6
LR13375 1.49 38.3 1 + 4 6.6
LR16075 1.62 52.9 1 - 2 7.1
LR13575 .90 38.3 2 - 1 6.5
LR18175 1.06 54.5 0 - 2 6.9
LR15875 1 . 0 2 45.3 2 - 2 6.3
LR15975 1.16 57.9 5 2 6 . 1
Gil—  Mycelium from 30-day-old cultures of each isolate was dried and weighed.
— ^Colony diameters of isolates were measured after 48 h incubation on PDA. 
c/—  Amount of aerial mycelium present on PDA plates determined on a scale of 0 to 5 from zero to complete 
coverage of the plate.
d/
“  Pigmentation from colorless to dark brown were determined on a scale of 0 to 5.
134
Table 23. Virulence index, culture filtrate toxicity, and toxin production of R. solani field isolates 
from rice (LR172) and sorghum (LR14675). and 12 single basidiospore isolates from sorghum.
Isolate
Filtrate toxicity 
(% of control)**/ 
Diluted 1:3 Diluted 1:1
PAA 
UR/ml
mHPAA—  ^
UR/ml
c /Virulence-
index
LR172 .78 .28 41.1 50 8.30
LR14675 .71 .28 30.4 44 6.61
LR12775 .76 .23 9.0 20 6. 1 1
LR13175 .94 .15 5.4 14 4.98
LR12975 .96 .45 17.8 28 4.60
LR11975 .48 .18 0 . 0 6 4.46
LR13275 .88 .30 0 . 0 1 2.80
LR18475 1.09 .41 0 . 0 4 2.77
LR13375 .96 .38 5.0 12 2.73
LR16075 1 . 0 0 .45 0 . 0 9 2.44
LR13575 1 . 1 0 .45 0 . 0 6 2.35
LR18175 1.07 .37 0 . 0 6 2.31
LR15875 1 . 0 0 .35 8 . 0 0 2.0 0
LR15975 1 . 1 0 .50 0 . 0 6 1.50
g/
—  Toxicity of 30-day-old culture filtrates (diluted 1:3 and 1:1 with SDW) to pre-germinated rice 
seedlings were determined as outlined in Bioassay V.
— ^Toxins were extracted from 30-day-old culture filtrates as outlined in Fig. 28. 
c /—  The virulence index of each isolate is the mean of the disease ratings from eight rice cultivars 
inoculated with each isolate (Table 6).
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culture filtrates caused seedlings to develop small dark, brown flecks 
on leaves where droplets of filtrate spray had adhered (Fig. 37). in 
subsequent experiments filtrates from similar flasks were found to 
contain approximately 500 pg/ml mHPAA and 100 pg/ml PAA. The spots 
were smaller than the filtrate droplets and regularly distributed on 
the leaves. The spots did not expand and most did not extend through 
the leaf to the other side. No varietal differences could be detected 
among filtrate-treated seedlings. From these results it appears 
unlikely that we will be able to screen for varietal resistance to 
sheath blight by monitoring the effects of PAA and mHPAA sprayed on 
rice leaves. However, toxic agents were present in the culture 
filtrate. If these agents were isolated and identified they may 
provide additional information on pathogenesis of R. solani.
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Figure 37. Symptoms produced on Lebonnet rice after spraying a culture 
filtrate from R. solani isolate LR172 on the foliage.
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